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Abstract 
Introduction 
With the urbanization and population increased throughout Asia, it is projected 
that in the year 2050 over 50% of fracture incident will occur in Asia. Fracture 
increases mortality, morbidity and economic costs and become a huge burden to 
individuals and community. By identifying risk factors of fracture can help prevent 
fracture. DXABMD is the 'gold standard' to diagnose osteoporosis. However, DXA 
machine is not widely available and the cost of a DXA scan at Asia is high. Most 
studies on risk factors of fractures and using other radiological devices to predict 
fracture are done in elderly women. Therefore there is a need to study risk factors of 
fracture and examine the association of other bone health measurement devices eg. 
QUS and pQCT and non-spine fracture in Asian elderly men. 
The objectives of this study are: 
1) To determine the non-spine fracture rate of Hong Kong elderly Chinese men 
2) To examine the risk factors of non-spine fracture. 
3) To compare the accuracy of pQCT and DXA in fracture prediction 
4) To compare the accuracy of ultrasound and DXA in fracture prediction. 
Subjects and Method 
The main study examined 2000 community-dwelling Chinese men aged 65 and 
above who were ambulatory and did not have bilateral hip replacement at Hong 
Kong. The participants had baseline assessment at the research center and were then 
follow-uped for 6 years by phone and visit to the research center. Fracture incident 
were recorded by self report or from the medical records. All fractures were then 
confirmed by x-ray reports or medical records. The association of QUS and pQCT 
parameters and non-spine fracture were studied and compared with DXA BMD. 
i 
Results 
1990 subjects were follow-uped for an average of 6.5 土 1.68 years. 133 fracture 
incidents were recorded. The incidence rate of Hong Kong Elderly men is 
10.28/1000 person years which is comparable to the US elderly men. Subjects who 
aged 80 and above, have poorer depth perception, lower physical component 12 
score, history of fall, history of fracture at or after age of 50 years, history of COPD, 
underweight and lower hip BMD are at higher risk to suffer non-spine fracture. 
The association of QUI and non-spine fracture is strongest among the QUS 
parameters. The ability of predicting non-spine fracture of QUI and hip BMD is 
comparable. 
Parameters of pQCT at distal tibia are more associated with non-spine fracture 
compared with other measurement sites. The predictive value of trabecular BMD of 
pQCT at the distal tibia is comparable to hip BMD. 
Conclusion 
Clinical risk factors and BMD are predictive of non-spine fracture in Asian 
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Chapter 1 Introduction and Objectives 
1.1 Introduction 
Osteoporosis and osteoporotic fracture is a major public health problem in Asia. 
The elderly population of Asia is projected to account for 9.3% of the whole 
population in 2025(Mithal et al., 2009). In Hong Kong, population aged 65 years 
and above accounted for 12.4% of the total population in 2006(2006 population 
by-census thematic report: Older persons, 2008). With the urbanization and 
population increased throughout Asia, it is projected that more than 50% of hip 
fracture will be occurring in the area in 2050(Cooper et al., 1992). The burden of 
osteoporosis and its fracture will increase tremendously in Asia. 
Fractures of the femur, forearm and humerus are among the frequent sites of 
non-vertebral fracture. In both gender, substantial increase of fracture incidence 
were observed after age 75 years (Khosla et al., 2008). Johnell and Kanis (2006) 
projected that of the 9 million of new osteoporotic fracture occurred in the year 2000 
over the world, men accounted for 39%. The researchers estimated that 30%, 20%, 
42% and 25% of all hip, forearm, spine and humerus fractures occurred in men 
respectively. The prevalence of hip fracture is higher in women than in men. 
However the mortality after hip and vertebral fracture increased substantially in 
elderly men and exceeds women (Johnell et al , 2004). Half of the men who 
sustained hip fracture need institutionalized care. For those who are ambulatory 
before fracture, only less than one third can regained their mobility at 4 months after 
fracture and are less likely to return to their home(Holt et al.,2008). Fracture neck of 
femur is one of the five leading disease burden in 2001 which accounted for 136722 
bed-days at Hong Kong (HA In patient statistics, 2001). Fracture is one of the three 
main disabling conditions for elderly aged 70 years and above in Hong Kong (Woo 
et al., 1998). In China, USD1.5 billion was spent to treat hip fracture in the year 
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2006 and the cost is estimated to be more than USD 264.7 billion in 2050(Mithal et 
aL, 2009). The average hospital stay and cost of hip fracture exceeds cancer and 
heart disease in China. 
The Asian postmenopausal women study show that several risk factors are 
associated with increased fracture risk including usage of walking aids, history of 
fall, being homeboimd, low calcium intake, age more than 65 years, history of 
fracture and lower BMI(Kung et aL, 2007b). In the US Caucasian elderly men, 
usage of tricyclic antidepressant, history of fracture at or after aged 50 years, 
inability to complete a narrow walk trial, history of fall in the previous year, aged 80 
and above, depressed mood and lower BMD are risk factors of non-spine fracture 
(Lewis et al , 2007). Prevalence and risk factors of fracture in Asian elderly men are 
not well studied. Hence there is a need to study the prevalence and risk factors of 
non-spine fracture of elderly Asian men. 
Osteoporosis is diagnosed using DXA with T-score below 2.5 SD of the young 
adults group according to WHO criteria (WHO Study Group, 1994). Although DXA 
scan is considered the gold standard to diagnose osteoporosis, DXA machine is not 
widely available in Asia and the cost of DXA scan is expensive. In China, the 
number of DXA machines per 10000 population is less than 0.0051 which is far 
more lower than the recommended number of DXA in Europe which is 0.11 per 
10000 population (Mithal et al., 2009). Moreover, the cost of DXA is high which 
varies between lOUSD to 130 USD in Asia. 
Other cheaper peripheral bone health status measurement machines eg. QUS 
and pQCT are available. QUS is shown to predict non-spine fracture in Caucasian 
women and men (Bauer et al., 1997; Khaw et al., 2004; Bauer et aL, 2007). However, 
studies examining the prediction of fracture in Asian elderly men are sparse. 
2 
Most of the pQCT studies on prediction of fracture are case-control studies in 
women. The 2007 ISCD Official Positions of clinical use ofpQCT states that pQCT 
total and trabecular BMD at forarm predicts hip fragility fractures in 
postmenopausal women but there is insufficient evidence in men (Engelke et al.， 
2008). Hence, there is a need to study the association of pQCT parameters and 
non-spine fracture in Asian elderly men. 
1.2 Objectives 
Therefore, the objectives of this study are: 
1) To determine the non-spine fracture rate of Hong Kong elderly Chinese men 
2) To examine the clinical risk factors of non-spine fracture with and without BMD 
3) To compare the accuracy of pQCT and DXA in fracture prediction 
4) To compare the accuracy of ultrasound and DXA in fracture prediction. 
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Chapter 2 Literature Review 
2.1 Definition 
Osteoporosis is defined as a systemic skeletal disorder which manifested as low 
bone mass and micro-architectural destruction and increased bone fragility which 
further leads to low trauma fracture (WHO Study Group, 1994). The diagnosis of 
osteoporosis is based on DXA BMD T-score. BMD T-score is the number of 
standard deviation of the mean BMD of young adult women. Those who have BMD 
T-score below -2.5 are diagnosed osteoporosis. Those who BMD T-score between 
-2.5 and -1 are diagnosed osteopenia. Those who have BMD T-score above -1 have 
normal BMD. Osteoporotic fractures (fragility fractures or low trauma fractures) are 
fractures that occur with no or minimal trauma in low bone mass population. 
Common sites of osteoporotic fracture are hip, spine and wrist (WHO Scientific 
Group, 2003). 
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2.2 Epidemiology of Osteoporosis and Fracture 
Osteoporosis is a common problem worldwide. Prevalence of osteoporosis and 
osteoporotic fracture varies among gender, ethnic, and countries. Although elderly 
women tend to have higher prevalence, the number of elderly men who have 
osteoporosis is not rare. 
Prevalence of osteoporosis for population aged 50 years and above is 15.7% at 
China and is 8.8% and 30.8% among men and women in that population 
respectively (Mithal et al., 2009). The prevalence of osteoporosis of Chinese women 
and Chinese men 50 years or older was 16% and 6% respectively at Hong Kong 
(Lynn et al., 2005b). In US, the prevalence of osteoporosis in elderly men and 
women was 4% and 16% respectively which is comparable with the Hong Kong 
Chinese prevalence (Looker et al., 1997). 
In a cross-sectional study, the researchers show that differences of BMD among 
different race or ethnic can be explained by body size (Nam et al., 2010). After 
adjusting for body size, the differences of BMD between Asians and Caucasians 
decreased. In a study examining the dimensions and volumetric BMD of femoral 
neck using QCT among elderly men, the researchers show that the cortices of Asian 
and Black men were thicker than White elderly men and the trabecular volumetric 
BMD in Asians and Black men were also higher than the While elderly men and 
suggested that this features may contribute to increase of bone strength(Marshall et 
al., 2008). 
30%, 20%, 42% and 25% of all hip, forearm, spine and humerus fractures 
occurred in men respectively (Johnell and Kanis, 2006). Hip fracture incidence 
peaked around 75 years while humerus, forearm and spine fracture decreased with 
increased age (Johnell and Kanis, 2006). The prevalence of fracture is highest in the 
Northern Europe Caucasians followed by US Caucasians and Asian and the fracture 
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rate is lowest in the African population (Lau et aL, 2001a). The AOS study shows 
that the urbanized countries have the highest fracture rate (Lau et al, 2001c). With 
the rapid development in the Asia countries, hip fracture rates may be expected to 
increase in Asia. In Hong Kong, hip fracture rates reach plateau from 1985 till 2004 
after the sharp increase from 1966 to 1985 (Lau et aL, 1999; Kung et al, 2007a). 
Similar trend is also observed in the West. 
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2.3 Burden 
The burden of osteoporosis is mainly attributed by fracture. Hip fracture 
accounted for the most of the mortality and morbidity in osteoporotic fracture. At 
1990, 30% of hip fracture worldwide occurs in men (Gullberg et al, 1997). In 2050, 
hip fracture in men is projected to be 1.79 million and more than half occurring in 
Asia (Cooper et al., 1992). 
2.3.1 Mortality 
Mortality of fractures varies among fracture sites. Besides forearm fracture, the 
mortality of other osteoporotic fractures increases after the incident (Johnell et al., 
2004). Mortality of after fracture in elderly men is higher than elderly women. The 
mortality rates of fracture increased for the following months after fracture and 1-
year mortality after fracture for men and women is 26% and 21% respectively. 
Although mortality decreased with time after 1 year, it is still greater than the general 
population. Those who are older age, male, staying at long-term care residence and 
have comorbidities before fracture, have poorer health, mental status and physical 
function are factors which are associated with the mortality after hip fracture (Meyer 
et al., 2000; Jiang et al., 2005). 1 in 15 of elderly patients admitted due to hip fracture 
die during hospitalization and only two-third of those discharged will survive for 
more than a year (Jiang et al., 2005). 
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2.3.2 Morbidity 
DALYs (Disability-adjusted life-years) caused by hip fracture compromised 
40% of all osteoporotic fracture. The burden of osteoporotic fractures is 0.83% 
among non-communicable disease all over the world (Johnell and Kanis, 2006). In 
the year 2000, Europe is the region with the highest burden caused by osteoporotic 
fracture, the burden of osteoporotic fracture even outreached hypertensive heart 
disease and rheumatoid arthritis. In Sweden, approximately 50% of those admitted 
for hip fracture could not be discharged home (Johnell et al., 2005b). Osteoporosis is 
one of the top three diseases for hospitalization and longer hospital days in Swiss 
men in the year 2000(Lippimer et al., 2005). In Hong Kong, hip fracture is one of the 
top five diseases of patient bed-days in 2001. (Hospital Authority Inpatient statistics, 
2001) 
2.3.3 Cost 
The cost of osteoporotic fracture at US and UK are $17.9 and £1.9 billion every 
year respectively (Holroyd et al, 2008). In 2006, hip fracture cost about 1.5 billion 
USD in China (Mithal et al., 2009). In 2050, it is estimated to cost for more than 
264.7 billion USD. The average hospital stay and cost for hip fracture is more than 
breast cancer, ovarian cancer, prostate cancer and heart disease. 
In Hong Kong, hip fracture attributed US$17 million every year which is 
approximately 1% of the total hospital expenditure (Lau, 2001a). Disease burden of 
osteoporotic fracture is 12% among chronic disease in elderly Chinese at Hong Kong. 
(Woo et al , 1997). 
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2.40steoporosis in men 
Diagnosis of osteoporosis using DXA is well-defined in women but not men, it 
is recommended by the WHO to use the similar criteria established in women in 
elderly men (Kanis et al., 2000a). The prevalence of osteoporosis in men is about one 
third of the prevalence in women in Hong Kong (Lynn et al , 2005b). 
About 50% of osteoporosis in men is due to secondary causes of osteoporosis 
(Evans et al., 2000 & Pye et al., 2003). Alcohol abuse, corticosteroid excess and 
hypogonadism are the common causes of secondary osteoporosis in men with 
corticosteroid excess being the most common cause. 
During bone remodeling, bone resorption by osteoclasts and bone formation by 
osteoblasts occur at the same location of the bone (Seeman et al., 2008). The 
imbalance of bone resorption and bone formation rate results in bone fragility is 
age-related. Lesser bone formation and trabecular thinning lead to bone loss. BMD 
remains relatively constant in both genders after achieving peak bone mass until 
midlife. Men do not experience the abrupt hormonal changes like women. Hence, the 
bone remodeling rate of men does not increase abruptly like women who underwent 
menopause. 
The pathogenesis of age-related bone loss is similar in men and women. Both 
gender experienced continuous and slow phase of bone loss during aging and the 
bone loss associated with aging is shown to be PTH-dependent (Khosla et al., 1998). 
In a study of relationship of serum sex hormone levels and bone turnover markers 
with BMD in both gender, the researchers show that the PTH level in both gender 
increased with age and the bone resorption marker also increased in the age 50-85 
group. 
Khosla et al.(1998) and Orwoll et al.(2006) both show that with aging, the 
serum free sex steroids level decreases and the declined of both serum free estradiol 
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and free testosterone is associated with increase of serum SHBG. Estrogen and 
testosterone are both found to decrease bone resorption in men (Khosla et al., 2001; 
Falahati-Nini et al, 2000; Leder et al., 2003). In a longitudinal study of Khosla et 
aL(2001), the researchers show that BMD decrease at the forearm are more 
associated with serum bioavailable estradiol levels than bioavailable testosterone 
levels. Furthermore, the rate of bone loss is associated with bone loss rate for men 
whose bioavailable estradiol level of below 40pmol/litre. 
( 
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2.5 Risk factors of osteoporosis 
In a systemic review examining risk factors of BMD in men aged 50 years and 
above consists of 25 articles in the west and east. Age, smoking, weight, functional 
impairments and history of fracture are recognized risk factors of low BMD 
(Papaioannou et a l , 2008). The effect of height, family history of fracture or 
osteoporosis, muscle strength, calcium intake, alcohol consumption and physical 
activity towards BMD are inconsistent. 
In a study of determinants of BMD in Caucasian elderly men, the researchers 
show that weight is associated with higher BMD whilst age, gastrectomy, history of 
fracture and rheumatoid arthritis is associated with lower BMD (Orwoll et aL, 2000). 
In MrOs(US), the researchers demonstrate that age, race, weight, height, height 
change since age 25, alcohol consumption, dietary calcium intake, PASE，history of 
fracture after age 50, family history of fracture, grip strength, chair stand test, COPD, 
diabetes mellitus, kidney stones, osteoarthritis, SSRl and statin use are the 
determinants of femoral neck BMD in the elderly men(Cauley et al., 2005). 
The factors that are associated with higher BMD in both US and Hong Kong 
MrOS cohort are weight, grip strength, PASE, calcium intake and diabetes mellitus 
(Cauley et al., 2005; Lau et al.,2006). Age, COPD and fracture after age 50 years are 
negative predictors of BMD. The cohort of this study also demonstrate that smoking, 
history of gastrectomy, thyroid disease, use of ACE-inhibitors and inhaled 
corticosteroid are determinants of total hip BMD in the cross sectional study (Lau et 
al.,2006). Depression is shown to be associated with lower BMD in the Mr. OS 
(Hong Kong) in the cross sectional study(Wong et al.,2005). However the 
relationship of depression and lower BMD is not well examined. In an Asian elderly 
men study, Cheung et al. (2005) examine the association of endocrine hormone and 
lifestyle risk factors between BMD also demonstrate that weight is an important 
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determinant of osteoporosis. Furthermore, age，parathyroid hormone and smoking 
are negative predictors of total hip BMD in Chinese men while weight, BMI，free 
estradiol, serum albumin and exercise are positive predictors of BMD. 
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2.6 Prediction of osteoporosis 
DXA machine is not widely available in Asia and the cost of DXA scan is 
expensive. In China, the number of DXA machines per 10000 population is less than 
0.0051 which is far more lower than the recommended number of DXA in Europe 
which is 0.11 per 10000 population (Mithal et al., 2009). Moreover, the cost of DXA 
is high which varies between lOUSD to 130 USD in Asia. Several clinical prediction 
tools (eg. SCORE, ORAI, OSTA, MOST) are developed to select the population of 
high risk of osteoporosis in men and women to undergo DXA scan. 
SCORE is developed in the US women aged 45 and above which consists 
aspects of race, rheumatoid arthritis, history of fractures, age, usage of estrogen and 
weight in the prediction of osteoporosis (Lydick et al., 1998). The tool has a 
sensitivity of 89% and specificity of 50% in the development group and 91% and 
40% respectively in the validation group. However, prediction osteoporosis using 
SCORE in older ambulatory women is shown to be less accurate (Von Muhlen et al.， 
1999). ORAI is developed in the CaMos cohort in Canada with a sensitivity and 
specificity of 90% and 45.1% to select those with low BMD in the development 
cohort (Cadarette et al., 2000). Age, weight and current estrogen use are the 3 aspects 
considered in the ORAI scoring system. 
OSTA is a simple tool to predict osteoporosis risk with a formula of (weight 
(kg)-age (years))*0.2 developed in Asian women and validated in Japanese women, 
for those with index <-l are at high risk of osteoporosis (Koh et al., 2001). The 
sensitivity and specificity in the developed group is 91% and 45% and 98% and 29% 
respectively in the validation group. 
MOST is a tool developed from 2/3 of the Mr OS (Hong Kong) cohort and 
validated in the other 1/3 of the cohort (Lynn et al., 2005a). The tool used the 
formula 0.2*body weight+0.1*QUI to determine the osteoporosis risk in Hong Kong 
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elderly men. The tool achieved sensitivity of 94% and specificity of 46%. MOST 
have better prediction on osteoporosis than OSTA, QUI and body weight alone in 
both Caucasians and Chinese men (Lynn et al., 2008). 
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2.7 Risk factors of Osteoporotic Fracture 
Several large prospective studies examine risk factors of osteoporotic fracture 
in elderly men and women and show that several risk factor eg. age, anthropometric 
measurements, visual function, neuromuscular function, lifestyle factors, medical 
history and medications are associated with increased risk of fracture. 
In US, the SOF study find that previous fractures, taller at aged 25 years, 
self-rated poor or fair health, history of hyperthyroidism, usage of long-acting 
benzodiazepines, larger amounts of caffeine intake, sedentary lifestyle, inability to 
perform chair stand test, poor depth perception and contrast sensitivity, tachycardia at 
rest and low bone density are risk factors of hip fracture for elderly Caucasian 
women (Cummings et al., 1995). In their long term follow-up, the researchers show 
that older age, history of fracture after age 50, maternal history of hip fracture after 
age of 50, taller at age 25, impaired cognitive function, slower walking speed, 
nulliparity, type II diabetes mellitus, Parkinson's disease, poor depth perception and 
lower hip BMD are long-term risk factors of hip fracture (Taylor et al., 2004). The 
researchers also show that low BMI is associated with hip fracture but can be 
explained by low hip BMD. The Dubbo Osteoporosis Epidemiology Study examined 
the risk factors of osteoporotic fracture in 820 elderly men and shows that femoral 
neck BMD, quadriceps strength and body sway are independent risk factors of 
fracture (Nguyen et aL, 1996). 
In US MrOS study, the researchers show that aged 80 and above, usage of 
tricyclic antidepressant, history of previous fracture at or after aged of 50 years, 
inability to complete a narrow walk trial, history of falls in the previous year and 
depressed mood are risk factors of non-spine fracture in elderly men (Lewis et al, 
2007). 
In Hong Kong, risk factors of fracture in elderly Chinese women are usage of 
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walking aids, history of fall, being homebound, low calcium intake(<400mg/d), older 
age, history of fracture, low BMI(<19kg/m2) and low BMD(Kung et al.,2007b). 
In the Asian Osteoporosis Study (AOS) case-control study, the researchers show 
that low dietary calcium intake (<498 mg/day)，no load-bearing activity recently, 
sedentary life during young age，current and ex-smoker, alcohol drinking, history of 
falls, history of fracture aged 50 years or above, history of stroke, usage of sedatives 
and thyroid drugs and height >169m accounted for 22% of the variance in risk of hip 
fracture (Lau et a l , 2001b). 
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2.7.1 Age and Fracture 
Prospective studies of men and women show that age is a risk factor of fractures 
(Cummings et al., 1995; Kung et al,, 2007b; Lewis et al., 2007). In the Caucasian 
women study, the researchers show that the relative risk (95% CI) of hip fracture is 
1.4(1.2-1.6) per 5 year increased even after adjusted for fractures and bone density. 
Kung et aL(2007b) show that relative risk(95% CI) of osteoporotic fracture in 
postmenopausal Chinese women is 2.2(1.7-2.8) per 10 year increase of age. In the 
elderly US men study, Lewis et al. (2007) show that aged 80 and above has a hazard 
ratio(95% CI) of 1.51(1.14-1.99) for non-spine fracture. After adjusted for BMD, the 
hazard ratio(95% CI) is 1.33(1.01-1.76). 
2.7.2 BMI and Fracture 
In a meta-analysis which consists of 12 prospective studies studying 
approximately 60,000 men and women with follow-up of 250,000 person years, the 
researchers show that low BMI is associated with increased of fracture risk (De Laet 
et al., 2005). The association of BMI and fracture risk is not linear and dependent of 
BMD, those with BMI below 20kg/m^ have higher risk of hip fracture regardless of 
BMD. 
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2.7.3 Alcohol and tobacco consumption and fracture 
In a meta-analysis which consists of several large prospective cohorts, the 
researchers show that fracture risk is not associated with alcohol consumption less 
than 2 units daily (Kanis et al., 2005a). Alcohol consumption is a risk factor of 
fracture for those who consume more than 2 units of alcohol daily and is 
independent of age, BMD and time since first assessment. 
In a meta-analysis consists of 10 prospective cohorts with a total of 250,000 
person-years, current smoking is associated with RR of 1.25 for any fracture. Risk of 
fracture of ex-smoker is higher than non-smokers but lower than current smoker. 
The association of smoking and fracture can be partially explained by BMD and 
BMI (Kanis et al., 2005b). 
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2.7.4 Physical activity and fracture 
In the cross-sectional study of this cohort, higher PASE score is shown to be 
associated with higher BMD (Lau et al., 2006). In a case-control study at Hong Kong, 
the researchers show that those who had fracture live a more sedentary lifestyle than 
the controls (Lau et al., 1988). 
In a review of physical activity, fall and fracture, the researchers show that 
being physically active lifestyle reduce hip fracture (Gregg et al, 2000). However, the 
association of physical and risk of other fracture site is not consistent. Randomized 
control trial of certain exercise programs are shown to reduce risk of falls. 
In a study of 3162 middle age men, those who participate in vigorous sports has 
lower risk of hip fracture i.e. hazard ratio(95% CI) of 0.38(0.16-0.91) compare with 
those who do not take participate in vigorous sports( Kujala et al., 2000). 
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2.7.5 Dietary intake and fracture 
For elderly, the recommended calcium intake per day isl200mg (NIH office of 
dietary supplements .Dietary Supplement Fact Sheet: Calcium, updated f"^ October 
2009) and is 400 lU per day for vitamin D (NIH office of dietary 
supplements .Dietary Supplement Fact Sheet: Vitamin D, updated 13仇 November 
2009). In Asia, the average calcium intake per day is only 450 mg which is only 
approximately only one third of the recommended intake (Mithal et al., 2009). 
Vitamin D insufficiency is also prevalent in Asian and is shown to increased risk of 
falls and fractures (Wat et al., 2007). 
A meta-analysis of vitamin D supplement randomized control trials show that 
700 IU-800 lU per day of vitamin D supplementary can reduce fracture risk while 
400 lU per day of vitamin D supplementation is insufficient to prevent fracture 
(Bischoff-Ferrari et al, 2005). 
Calcium intake however is shown not beneficial for reducing hip fracture risk 
in a meta-analysis of calcium intake and hip fracture risk in men and women 
(Bischoff-Ferrari et al., 2007). 
A cohort study of peri and postmenopausal women shows that high protein 
intake is associated with lower wrist fracture risk even in vegetarians who have the 
same amount of protein consumption have lower fracture risk (Thorpe et al., 2007). 
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2.7.6FaIl and Fracture 
The prevalence of falls in community dwelling elderly in Hong Kong is 270 per 
1000 person-years (Chu et al., 2007). 5.9% of the fallers experienced fractures. Risk 
factors of falls in Hong Kong elderly are old age, Parkinson's disease and history of 
falls in the previous year. 
In a case control study of elderly men, the researchers show that the 
characteristics of fall is associated with fracture risk, those who fall hitting the hip 
have a higher risk of fracture than those who fall hitting the knee(Schartz et 
al.,1998). Moreover, among fallers those who live a sedentary lifestyle and have 
lower BMI have higher risk of fractures. 
In a cohort study of 7575 women aged 75 years or older follow-uped for 1.9 
years, the researchers show that slower gait speed, difficulty to perform a tandem 
walk, reduced visual acuity and small calf circumference are fall-related risk factor 
of fracture (Dargent-Molina et al., 1996). 
The US Mr. OS study shows that participants who have active lifestyle and 
perform better in assessment of leg power and grip strength have lower risk of falls 
(Chan et al., 2006). The hazard ratio (95% CI) of non-spine fracture in elderly men 
in US is found to be 1.56(1.21-2.02) with history of fall in the past 12 months. After 
adjusted for BMD, the HR (95%) is 1.59(1.23-2.05) (Lewis et al., 2007) 
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2.7.7Parental history of fracture, history of previous fracture and fracture 
In a meta-analysis which consists of several large prospective studies studying 
34,928 men and women and were followed for 134,374 person- years, the 
researchers show that parental history of fracture is associated with RR(95% CI) of 
1.22 ( 1.08-1.38) for osteoporotic fracture and RR(95% CI) of 1.63(1.24-2.13) for 
hip fracture adjusted for hip BMD (Kanis et al, 2004a). 
A meta-analysis studying 15259 men and 44902 women in 11 cohorts show 
that history of previous fracture is associated with increased risk of osteoporotic 
fracture with RR(95% CI) of 1.93(1.61-2.33) and for hip fracture RR(95% CI) of 
2.30(1.56-3.41) in men(Kanis et al , 2004c). However, the risk may be partly 
explained by low BMD, after adjusted with BMD the RR(95% CI) of osteoporotic 
fracture and hip fracture is 1.91(1.50-2.43) and 1.97(1.12-3.48) respectively. 
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2.7.8Medical factors and fracture 
Several medical conditions eg. diabetes mellitus, depression, hypertension and 
usage of medications eg. antihypertensive drugs, antidepressant drugs, corticosteroid 
are associated with fracture(Kanis et aL, 2004b; Mussolino et al., 2005; Rejnmark et 
a l , 2006; Wiens et al., 2006; Vestergaard，2007; Vestergaard et al.，2008). 
A meta-analysis show that both type 1 diabetes mellitus and type 2 diabetes 
mellitus are both associated with higher hip fracture risk (Vestergaard, 2007). The 
association of higher fracture risk and diabetes mellitus may be explained by the 
complication of diabetes mellitus (eg. retinopathy, neuropathy, nephropathy, 
macroangiopathy and microangiopathy). 
The NHANES 1 followup study shows that depression is associated with 
increased fracture risk however the researchers did not include antidepressants in the 
study (Mussolino et a l , 2005).In a large case-control studies which consist of 
124,655 fracture case and 373,962 control case, the researchers examine the 
association of several type of antidepressant (eg. tricyclic antidepressants, selective 
serotonin reuptake inhibitors, and the group of other antidepressants)( Vestergaard et 
al.,2008). The study shows that SSRI is associated with increasing fracture risk 
while only sedating TCA medication eg. amitriptyline and clomipramine are 
associated with dose-related increased risk of fracture. 
In a meta-analysis which consist of seven cohort studies with approximately 
42,000 men and women, usage of corticosteriods increased fracture risk independent 
of previous fracture and can only partly be explained by BMD and is not different 
between gender (Kanis et aL,2004b). 
Some of the antihypertensive drugs (eg. beta-blockers, ACE inhibitors and 
calcium-channel blockers) is shown to be associated with small effect of reduce 
fracture risk in a large case-control study (Rejnmark et aL, 2006). A meta-analysis 
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examining the effect of antihypertensive drugs towards fracture shows that thiazide 
diuretics and beta-blockers lower fracture risk (Wiens et al., 2006). 
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2.7.9 Neuromuscular function and fracture 
The US MrOS study examine the association of physical function examination 
(leg power, grip strength, usual walking pace, narrow walking pace and chair stand 
test) with hip fracture risk and find that hip fracture risk is highest in those who 
could not complete repeated chair stands(Cawthon et al., 2008). Furthermore, those 
who perform poorest in 3 tests and above also have higher risk of hip fracture. 
In a cohort study of 7575 women aged 75 years or older follow-uped for 1.9 
years, the researchers show that slower gait speed and difficulty to perform a tandem 
are fall-related risk factor of fracture demonstrate that neuromuscular function is 
important to prevent fall and fracture in elderly women(Dargent-Molina et al., 
1996). 
In a cohort study of 971 perimenopausal women follow-uped for 15 years, the 
researchers find that grip strength is predictive of fracture in those with normal 
BMD (T-score >-1) (Sirola et aL, 2008). 
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2.7.10Visual function and fracture 
In Hong Kong, vision impairment increase with advancing age and is more 
prevalent in men, less educated and those living in public housing estates (Michon et 
al , 2002). 79.1% of visual impairment and vision loss are due to refractive error and 
cataract in elderly. 
Visual acuity, contrast sensitivity, depth perception and visual field are some of 
the visual function related to fracture (Klein et al., 1998; Felson et al, 1989; 
Dargent-Molina et al, 1996; Cummings et al., 1996; Ivers et al., 2002a; de Boer et al, 
2004). 
In a retrospective study, the researchers show that hip fracture is associated with 
visual function eg. visual acuity, contrast sensitivity, binocular acuity and visual 
sensitivity, the walking speed of those who have impaired vision are also slower and 
the relationship is dose-related(Klein et al.,1998), 
The Framingham study examined association of visual acuity and eye diseases 
with hip fracture. In that prospective study, the researchers find that even moderate 
visual acuity impaired (20/30-20/80) increased hip fracture risk and the relationship 
of poor visual acuity and hip fracture is dose-related in women (Felson et al., 1989). 
The EPIDOS study examined visual acuity, depth perception and contrast 
sensitivity in 7575 elderly women and shows that poor visual acuity is risk factor for 
hip fracture and visual acuity is strongly correlated with depth perception and 
contrast sensitivity (Dargent-Molina et al, 1996). 
In the SOF study, the researchers show that poor depth perception and contrast 
sensitivity is risk factor of hip fracture in elderly white women (Cummings et al., 
1996). 
The Blue Mountains Eye Study examined visual acuity, contrast sensitivity and 
visual fields and eye disease in 3654 men and women and examined their association 
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with wrist, shoulder and ankle fracture (Ivers et aL, 2002a). The researchers show 
that for men, visual field loss is a risk factor for ankle fracture. 
In a prospective study at Netherlands, the researchers examine visual acuity, 
visual field, contrast sensitivity and subjective visual function of the participants and 
the association with fall or fracture (de Boer et al, 2004). They find that recognizing 
face is a predictor of fracture while low contrast sensitivity is a predictor of recurrent 
fall. However the association of recognizing face and type of visual function is not 
known. 
Impaired corrected visual acuity, visual field loss and posterior subcapsular 
cataract are risk factors of hip fracture in the elderly (Ivers et al” 2003).In a case 
control study, the researchers find that self-reported of low visual function and longer 
duration since last eye examination are associated with increased risk of fracture 
(Ivers et aL, 2000). 
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2.8 Prediction of Fracture 
Several tools are developed to predict fracture risk. The researchers of the 
Geelong osteoporosis study derived a fracture risk score(FRJSK) from a cross 
sectional study in women which consist on spine and hip BMD, fall score, number 
of previous fractures and body weight(Henry et al.,2006). The fracture risk score are 
then verified in a longitudinal study and can predict 75% of fractures 2 years after 
baseline. 
FRAX is a computer based algorithm tool to calculate 10 year risk of 
osteoporotic fracture and hip fracture for men and women age 40-90(WHO FRAX 
tool, retrieved March 2010). Clinical risk factors i.e. age, gender, weight, height, 
history of previous fracture, parental history of fracture, current smoking, 
glucocorticoids, rheumatoid arthritis, secondary osteoporosis, alcohol consumption 
of 3 or more unit per day and femoral neck BMD are enquired to calculate the risk. 
The tool is currently available for Argentina, Austria, Belgium, China, Finland, 
France, Germany, Hong Kong, Italy, Japan, Lebanon, New Zealand, Spain, Sweden, 
Switzerland, Turkey, UK and US(Caucasian, Black, Hispanic and Asian 
respectively). 
In an older women study, the researchers show that simple model which is only 
based on age and BMD alone, age and fracture history alone is able to predict 
10-year risk of hip and major osteoporotic fracture as well as FRAX models (Ensrud 
et al., 2009). 
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2.9Difference between men and women 
Before aged 17 years, the fracture rate of boys is higher than girls i.e. 
161.6/10,000 person-years vs 102.9/10,000 person years and the most common 
fractures site in both sexes is forearm (Cooper et al., 2004). The burden of fracture is 
greater in women than in men after aged 50 years. The prevalence of osteoporosis is 
lower in men (Looker et al., 1997; Lynn et aL, 2005b), lower lifetime risk of hip 
fracture in elderly men than elderly women (Kanis et al., 2000b), lower hip fracture 
incident in men than women but higher mortality of hip fracture in men than women 
(Holt et al., 2008). 
In a population based cross sectional study using QCT to examine age and sex 
related changes in bone structure, Riggs et al.(2004) show that in both peripheral and 
central sites young adult men have larger bone areas and bone mass than young adult 
women. Total bone area at the peripheral sites increase more in men than women 
however there is no difference between sexes at the central sites. The decrease of 
trabecular volumetric BMD which begin before mid life is greater in women than in 
men. Furthermore, the decrease of cortical volumetric BMD after midlife is also 
greater in women than in men. In population-based cross-sectional study using 
high-resolution 3-D pQCT to examine the sex and age related effect on bone 
microstruture at the wrist, Khosla et al. (2006) show that young adult men had 28% 
more trabeculae thickness hence produced 26% higher trabecular bone volume/tissue 
volume than women. Besides, during ageing, men also had less decrease in 
trabecular number. 
Seeman (2008) states that more women suffer fracture than men because men 
have larger bones which means more resistant to bending, men do not undergo 
menopause(midlife decline of hormones) and increase remodeling rate, bone loss in 
men is due to reduce formation of bone rather than increase resorption therefore 
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trabecular bone loss in men is by trabecular thinning not loss of connectivity, cortial 
prosity increases less in men as slower remodeling rate in men and periosteal 
apposition might be greater in men than in women. 
The prevalence of risk factors of fractures is also different between sexes. Chu 
et al. (2007) show that the prevalence of fall in women is higher than men while 
Michon et aL(2002) show that visual impairment is more prevalent in older men than 
in older women. Body compositions have different effects on BMD in men and 
women (Reid et al., 1992; Compston et al., 1992; Baumgartner et al., 1996; Chen et 
al , 1997; Taaffe et a l , 2001; Kirchengast et al , 2001; Lim et al., 2004; Gnudi et aL, 
2007). Studies shows that both body fat mass and lean mass have positive effect on 
BMD in women. However, BMD in men is only determined by lean body mass. 
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2.12 pQCT and fracture 
The most common used parameter to measure bone health status is BMD 
measure by DXA express in kg/m^. It is also the 'gold standard' of diagnosing 
osteoporosis. The most common site of measurement is hip and lumbar spine. In 
Asia, DXA machine is not available and the cost of a DXA scan is also high. In Asia 
most of the countries except for Japan and Singapore have less than 0.01 DXA 
machines per 10000 population which is very much lower than the recommended 
number of DXA machines in Europe (Mithal et al., 2009). 
Prediction of non-spine fracture using central bone site eg. spine and hip may 
be more accurate than using peripheral bone(Cummings et al.,1993). BMD per SD 
decreased is associated with risk of osteoporotic fracture of RR 1.6(1.43-1.79) and is 
dependent of age, the risk of fracture in those who have low BMD increased with 
aging (Johnell et al., 2005a). The association of low hip BMD and hip fracture risk 
is stronger in elderly men than in elderly women with RR of 3.2 per SD decreased of 
BMD and RR of 2.1 per SD decreased respectively and the differences between sex 
decreased with age (Cummings et al., 2006). However the ability to detect elderly 
men at high risk of fracture is weak with sensitivity of 9.6% using total hip BMD 
T-score <-2.5( Szulc et al., 2005). 
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2.12 pQCT and fracture 
Quantitative Ultrasound is one of the imaging devices that provide information 
of the bone health status. The three commonly used parameters of QUS are Speed of 
Sound (SOS which is expressed in m/s), Broadband ultrasonic attenuation (BUA 
which is expressed in dB/MHz) and Quantitative ultrasonic index (QUI which is 
unitless). SOS is the ratio of distance travel and time consumed which could be 
determined by the bone density and elasticity. BUA is defined as the linear slope of 
logarithmic ultrasound attenuation is plotted against frequency which could be 
determined by density and structure of the bone. QUI is an index calculated by SOS 
and BUA. There are several measurement sites (eg. fingers, tibia, radius and heel) for 
QUS and different type of QUS devices (Damilakis et al., 2003, Damilakis et aL, 
2007). Most QUS devices measure bone status at the heel as it is a weight-bearing 
bone, made up of mostly trabecular bone and it is a convenient site. The advantages 
of using QUS to measure bone health status are it is portable, lower cost and 
radiation free. QUS is not a diagnostic tool for osteoporosis however it can predict 
risk of osteoporosis and fracture risk. QUI and body weight combined screen Hong 
Kong elderly men who are at high risk of osteoporosis for DXA scan (Lynn et al.， 
2005a). 
In a cross sectional elderly men study(Gonnelli et al.,2005), the researchers 
compare the accuracy of predicting fracture using QUS measurements at the fingers 
and heel respectively and find that heel QUS parameters is better to determine those 
at higher risk. They also compare hip DXA BMD with heel QUS and found that the 
ability to predict fracture of the two devices is comparable. Furthermore, 
combination of QUS and DXA measurements can predict fracture more accurately. 
In a case control study examining the ability of QUS predicting vertebrae fracture 
risk using Sahara QUS machine in Asian women, the researchers show that QUS is 
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comparable to DXA when predicting vertebrae fracture risk (Kung et a l , 1999). In a 
retrospective study of Swiss women comparing 2 heel ultrasound i.e. 
Achilles(GE-Lunar) and Sahara(Hologic) and 1 phalanges ultrasound i.e. ultrasound 
DBM sonic 1200 (IGEA), heel QUS performed better than phalanges ultrasound 
when discriminating fracture and control subjects(Krieg et al.，2003). Besides, the 
researchers also show that the QUS predicts hip fracture better than forearm fracture 
and other fracture sites. 
Several prospective studies show that QUS parameter is predictive of fracture 
(Hans et al., 1996; Bauer et al, 1997; Pluijm et al., 1999; Khaw et aL, 2004; Huopio 
et aL, 2004; Nguyen et aL, 2004; Bauer et al., 2007). Most of the studies on QUS 
and fracture risk prediction were done in women and in Caucasians. The EPIDOS 
prospective study(Hans et al.,1996) use Achilles GE-Lunar device shows that BUA 
of heel QUS predict risk of hip fracture in the elderly women is compatible with 
DXA BMD, the hip fracture RR(95% CI) of BUA per SD reduction is 2.0(1.6-2.4). 
The SOF study (Bauer et al., 1997) using UBA 575, Walker-Sonix device also 
shows that BUA is predictive of hip fracture with a RR (95% CI) of 2.0(1.5-2.7) 
while RR(95% CI) of non-spine fracture is 1.3(1.2-1.5). The EPIC-Norfold study，a 
large prospective study of men and women use CUBA sonometer demonstrates that 
per SD reduction of BUA is associated with a relative risk(95% CI) of fracture of 
1.95(1.5-2.5). The long term fracture risk prediction of the cohort is comparable 
with DXA BMD (Moayyeri et al., 2009). 
In the Mr Os (US) study (Bauer et al., 2007) using Sahara Hologic Machine, the 
researchers show that the correlations of QUS parameters and BMD is 
moderate(r=0.3 8-0.44) and the HR (95% CI) of non-spine fracture and hip fracture of 
per SD reduction of QUS parameters are 1.6(1.4-1.9) and 2.2(1.6-3.1) respectively. 
In the Japanese men and women prospective study (Fujiwara et al., 2005), the 
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researchers used Achilles GE-Lunar device shows that the RR(95% CI) of Japanese 
are comparable to the Caucasians which is 1.54(1.39-1.69), 1.53(1.37-1.70) and 
1.80(1.62-1.98) for SOS, BUA and SI respectively. 
When interpreting the QUS results, measurement site and measurement device 
need to be considered (Krieg et al., 2008). Clinical diagnosis of osteoporosis is still 
based on DXA BMD according to the WHO criteria. 
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2.12 pQCT and fracture 
Peripheral Quantitative Computed Tomography (pQCT) is one of the 
radiological devices that assess bone health status. The device can provide 
information of cortical bone and trabecular bone separately. pQCT can measure 
bone area, bone density and bone geometry of radius and tibia. The cost of 
measurement is lower than DXA. The association of pQCT and fracture are not well 
studied. Most studies are case-control study in Caucasian women. The 2007 IS CD 
Official Positions of clinical use of pQCT states that pQCT total and trabecular 
BMD at forarm predicts hip fragility fractures in postmenopausal women but there is 
insufficient evidence in men (Engelke et al., 2008). 
Russo et al. (2003) shows that cortical bone area in women decrease about 1% 
per annum but did not differ much in men by using pQCT to measure lower leg of 
the participants in a cross-sectional study. Besides, the researchers also show that the 
bone geometry decrease 0.5% in women but not in men. In a study of pre and 
postmenopausal women, the researchers show that trabecular and cortical bone in 
tibia and radius decline with aging moreover cortical bone density decreased the 
most in postmenopausal women (Uusi-Rasi et al., 2007). 
The correlation between pQCT parameters and DXA parameters are moderate 
(0.44-0.54) (Augat et al, 1998).The predictive value of pQCT in fracture is 
inconsistent (Augat et al., 1998; Formica et al., 1998; Kroger et aL, 1999; Schneider 
et al., 2001; Clowes et al., 2005) 
Augat et al. (1998) show that hip DXA (AUC=0.79-0.80) performed better than 
forearm pQCT (AUC= 0.51-0.65) when detecting those with hip fracture. Among 
pQCT parameters, trabecular BMD of forearm 4% have the highest ROC area (0.65). 
Furthermore, adding bone geometry information does not increase the ability to 
assess fracture risk. Formica et al. (1998) also shows that DXA performed better than 
35 
pQCT in predicting fractures in women and the correlation between pQCT and DXA 
are moderate. 
Kroger et al. (1999) shows that pQCT and DXA is comparable to discriminate 
those with spine fracture and those without spine fracture in a women and men 
case-control study. In a case control study of Colles fracture in women, the 
researchers show that pQCT parameters decreased in those who suffered fracture 
(Schneider et a l , 2001). Moreover, trabecular mass and trabecular density has larger 
differences than cortical and total bone mass and bone density. Differences of bone 
mass are more significant than bone density in the same type of bone. 
In a case-control study on postmenopausal women, the researchers show that 
measuring cortical and trabecular bone separately does not provide additional 
information on fracture prediction (Clowes et al., 2005). Besides, the researchers also 
show that central DXA is a better measurement device to predict fracture. 
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2.13 Self-report of fracture 
Self report of medical condition and fractures are common ways of collecting 
data in epidemiological studies. Misreporting can results to underestimate or 
overestimate the effect. Bergmarm et al. show that self-report of hip fracture with a 
rate of 81% is accurate compare with other disease eg. cancer, stoke, ulcers etc 
(Bergmarm et al., 1998).The accuracy of self report is not well studied in Asia and in 
men. Several factors are associated with the accuracy of self report medical 
conditions including age, educational level, sex, duration since incident, type of 
disease (Bergmarm et al.,1998; Ismail et al.,2000; Ivers et al.,2002b; Chen et 
al.,2004; Siggeirsdottir et al.,2007). 
In a perimenopausal women cohort, the researchers find that the reliability of 
self report cohort of major fractures are more accurate than other minor fractures 
(Honkanen et al., 1999). In a US multiethnic postmenopausal women study, the 
researchers examine the false negative of self report fracture (Chen et al, 2004). 
They find that being older age, white, higher education level, longer menopausal 
period and being in better physical condition is associated with better self report 
accuracy. Being black, consumption of alcohol, higher BMI, history of osteoporosis 
and fracture, depression and poor health is associated with poorer accuracy. They 
also show that self report from the participant is more accurate than their proxy. 
In a prospective study of men and women, false positive in men are greater then 
women (Ismail et al., 2000). The false positive and false negative in men are greater 
then women (15% vs 9% and 14% vs 4%). The researchers also found false negative 
in minor fracture sites to be higher than major fracture sites (eg. hip and distal 
forearm). The duration between fracture incident and questionnaire administered 
were also related to the false negative of the report. When comparing the older group 
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and the younger group in the cohort, the number of over-reporting fracture decrease 
however the difference does not reach statistical significance. 
In a cohort study of subjects with mean age of 66.2 years follow-up for 10 years, 
the false positive rate is higher in men than in women however the difference is not 
of statistical difference (Ivers et al , 2002b). The researchers show that the false 
positive rate at hip, wrist and shoulder respectively is 4.8%, 2.2% and 6.7% 
respectively. The researchers also show that accuracy of self-report fracture in 
elderly men and women cohort can be improved by asking more details about 
treatment. 
A study examines the effect of misreporting of fracture in epidemiological 
studies and compares the self-report of fracture with the medical reports 
(Siggeirsdottir et al., 2007). The researchers show among fracture sites, report of 
forearm fracture and hip fracture are more accurate than other site while report of rib 
fracture is least accurate. Impaired cognitive function is most related to the false 
positive report. The study shows that self report in elderly with functional declined 
may be underestimated, using medical record can improve the accuracy of self report 
case. 
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Chapter 3 Research Outline 
3.1 Non-spine fracture of older men 
Chinese elderly men were recruited through advertisement at the housing area 
and community centers for elderly. The inclusion criteria is aged 65 years or above, 
able to walk without assistant and do not have bilateral hip replacement. 
All subjects were invited to the research center at Prince Wales Hospital, Shatin 
for interviews and physical examination between August, 200land February, 2003 
for baseline measurement. The participants were then follow-up by phone and visit 
to the research center. The average follow-up years were 6.5 士 1.68 years. The study 
was approved by the Chinese University of Hong Kong Ethics Committee. The 
study is funded by the Research Grants Council of Hong Kong and National 
Institute of Health, National Institute of Arthritis and Musculoskeletal and Skin 
Diseases grant reference 1 R01AR040439-01 Al. 
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3.2 Subjects 
2000 Chinese men were recruited in the community using stratified sampling to 
recruit approximately 33% in each of the following age groups: 65-69, 70-74 and 
above 75. All participants aged 65 years and above, can walk ambulatory and do not 
have bilateral hip replacement. All subjects signed the informed consent form. The 
mean (SD) age of the subjects is 72.4(5). All measurements were done in the 
research center by trained research assistant. 
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3. 3 Measurements of study 
3.3.1 Questionnaire 
All questionnaires were in Cantonese. 
1. General information 
Name, address, contact number of the subjects, the subjects' next of kin and 2 
relatives not living together were obtained. The information of the subjects' usual 
medical doctor and visiting clinic were recorded. Age and date of birth and identity 
card number were also recorded. The marital status and living arrangement (alone or 
with family) were enquired. Educational level and occupation were also enquired 
and recorded. Height and weight when they were 25 years old were asked to recall 
by the subjects. 
2. Medical History 
Medical and surgical history related to fracture were enquired. The medical and 
surgical history obtained were diabetes mellitus, hyperthyroidism, hypothyroidism, 
osteoporosis, stroke, parkinsonism, hypertension, myocardial infarction, angina, 
congestive heart failure, chronic obstructive pulmonary disease, prostatitis, 
glaucoma, cataract, arthritis(rheumatoid arthritis, gout, osteoarthritis and others), 
kidney stones, cancer(bowel cancer, prostate cancer, skin cancer, lung cancer and 
others) and gastrectomy. Besides, dizziness and fall history of the past 12 months 
were also enquired. All medications of subjects were brought to the research center 
for identification and record. The subjects were asked specifically to recall whether 
they had testosterone injection, osteoporosis medication (Fluoride, Calcitonin, 
Biphosphonates) and usage of aspirin, acetaminophen, ibuprofen, naproxen sodium. 
41 
3. Fracture History 
Fracture history of the subjects were enquired and recorded. They were asked 
whether they had fracture at the hip, wrist or forearm, spine, shoulder or collar bone， 
upper arm, ribs, chest or sternum, upper leg, knee or knee cap, lower leg, ankle, foot 
or toes, hand or fingers and others. The age of fracture, description of the fracture 
incident and treatment were asked. Fracture history and osteoporosis status of birth 
mother and birth father of the subjects were also enquired. 
4. Physical activity 
Physical Activity Scale for the Elderly (PASE) (Washburn et al, 1993) was 
modified for use in elderly Hong Kong Chinese to assess the physical activity of the 
subjects (Liu et al.’ 2001). 
Subjects were asked about their physical activity for the past 7 days. Number of 
hours spend sitting, walking, light sport, moderate sport, strenuous activities, muscle 
strength training exercise, home repair, lawn work, outdoor gardening, care for 
another person and volunteering or work for pay were noted. 
5. Dietary intake 
Subjects were asked whether they had special diet in the past 12 months. 
Dietary intake was recorded by using the Block Food Frequency questionnaire 
which is modified based on the data obtained in the Hong Kong Adult Dietary 
Survey in 1995 (Leung et al,1997). 285 dietary items were included in the 
questionnaire. Total calorie, protein(g), fat(g), carbohydrate(g), Vitamin A(I.U), 
Vitamin Bl(mg), Vitamin B2(mg), Vitamin B3(mg), Vitamin C(mg), Vitamin(IU), 
Calcium(mg), Phosphorus(mg), Iron(mg), Zinc(mg), lodine(jig), Copper(|ig), 
Fiber(g), Saturated fatty acid(g), Monosaturated fatty acid(g), Polysaturated fatty 
acid(g), Cholesterol(mg) per day were calculated . 
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6. Smoking and Alcohol drinking 
The subjects were asked whether they consumed tobacco and alcohol. The 
participants were asked to recall the amount, frequency and type of tobacco and 
alcohol they consumed. 
7. Quality of life 
Short Form -12 was used to assess the physical and mental state of subjects. 
The 12 question asked were about general health, physical function, role physical, 
role emotional, bodily pain, mental health, vitality and social function. Instrumental 
Activities of Daily Living Impairments were used to assess the number of activities 
the subjects could not do and the degree of difficulty of doing it. 
Subjective socioeconomic status of the subject was also enquired. The 
participants were asked to describe their status in their community and in the region 
in a 10 step ladder scale. 
8. Depression scale 
Chinese Geriatric Depression Scale (Lee et al., 1993) was used for detecting 
depression in the cohort. There are 15 questions in the scale and all are true and false 
questions. Subjects who scored 8 and above were considered depressed. 
9. Cognitive function 
Cognitive function of the subjects was assessed using mini mental state 
examination (MMSE) (Chiu et al. 1994) and community screening interview for 
dementia (CSI-D) (Hall et al. 1993) questionnaire. MMSE score was adjusted for 




Body Weight was measured with subjects wearing indoor clothing by Physician 
Beam Balance Scale (Healthometer, III,USA). Standing Height was measured by 
Holtain Harpenden standiometer (Holtain Ltd., Crosswell, UK) for twice without 
shoes. If the first and second measurement of standing height were in a difference of 
4mm and above, another 2 measurements were then taken. Average of all 4 
measurements was used. If there is no difference of 4mm and above, the average of 
the 2 measurements was used. Both height and weight measurements were recorded 
in 1 decimals. 
BMI were calculated using the formula of weight (kg)/ height� (cm). 
Resting radial pulse was palpated for 30 seconds twice. The readings were 
multiplied by 2 respectively to obtain the pulse rate beats per minute. Average pulse 
rate beats per minute was used. 
Supine blood pressures of the right arm were measured twice using a mercury 
sphygmomanometer. The average of the 2 measurement was obtained. 
2. Grip strength 
Hand conditions were enquired before the assessment of grip strength. Subjects 
were asked whether there is any pain or arthritis in both hands that worsen recently 
and whether they had any surgery in their hands or wrists in the past 3 months. Grip 
strength was assessed using on both hands using Preston Dynamometer (Takei Kiki 
Kogyo). 
Subjects rest their testing arm on the table and bend the elbow and grip the bars 
in the hand and were asked to squeeze as hard as they can. There were one practice 
test and then 2 repeated tests on each of the hands. The average readings of both 
hands were used. 
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3. Neuromuscular function 
Before the assessment, subjects were asked whether they had recent surgery, 
injury or other health conditions that affect them to stand or to walk. Usage of 
walking aids and whether they had orthosis, missing limbs, prosthesis and paralysis 
of limbs or body were also enquired. 
A. Chair Stand Test 
All subjects were asked to stand up from sitting on a chair without using arms. 
A single chair stand test was performed. If the subjects were unable to stand without 
using arms, unable to stand, rises using arms and refused, repeated chair stand test 
were not performed. For those who could accomplish a single chair stand test, 5 
continuous chair stand were tested. The time and arm used for repeated chair stand 
test were recorded. 
B. Six meter usual pace 
Subjects were asked to walk in their usual pace for six meter for twice. The 
time, steps and walking aid used were recorded. The usual walking speed were 
calculated and categorized into 5 groups according to the EPESE category (Guralnik 
et all994) which were <0, 0-0.46, 0.47-0.64, 0.65-0.82, >0.83 (m/sec). 
C. 20cm Narrow walk 
Subjects were asked to walk between a 20cm wide area for 6 meter for twice. 
The number of deviations, time consumed and aid used were recorded. For subjects 
who deviated from the lines for 3 times and above in a trial, a third trial were 
attempted. The narrow walk walking speed were calculated and categorized into 5 
groups according to the EPESE category(Guralnik et al.l994) which were <0, 0-0.46, 
0.47-0.64, 0.65-0.82, >0.83 (m/sec). 
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4. Visual function 
Visual acuity, contrast sensitivity and depth perception of all subjects were 
assessed. Before the assessment, subjects were asked whether they wear glasses or 
contact lenses for distance tasks and for visual acuity test. 
A. Visual Acuity 
Visual acuity was assessed using Snellen tumbling E chart (Clement Clarke, 
London, UK). Subjects were asked to stand 6 meters apart from the chart and read 
from the smallest letters. If subjects could not identify any character correctly on 6 
meter, they were asked to stand 3 meter apart from the chart to repeat the test. 
Distance and number of lines and letters read were recorded. 
B. Contrast Sensitivity 
Contrast sensitivity was assessed using Vectorvision CSV-IOOOE chart (Vectorvision, 
Ohio, USA). Subjects were asked to stand 8 feet apart from the chart and read from 
the highest contrast sensitive level at the lowest spatial frequencies. If they could not 
identify the chart at 8 feet, they were asked to stand 4 feet apart to be assessed. 
Distance used and contrast sensitivity level on each spatial frequencies were 
recorded. 
C. Depth Perception 
Depth perception was assessed using Frisby Stereo test (Clement Clarke 
International, London, United Kingdom). Subjects were asked to identify a circular 
area of the pattern from 4 squares for the thickest plate with a distant of 40cm apart 
from the plate. If they could identify the depth cue without hesitation, they start the 
test by using the 3mm medium thickness plate. If they failed to point out the depth 
cue, they start the test from the thickest plate. They then proceed to the less thick 
plate if they succeed. The viewing distance and results of the test were recorded. 
46 
3.3.3 Bone Density measurement 
1. Dual Energy X-ray Absorptiometry 
Hip and spine BMD were measured using Hologic QDR 4500 W bone 
densitometers (Hologic, Waltham, MA, USA). Before the scan, subjects were asked 
whether they had hip replacement surgery, any metal objects (eg. Pacemaker, staples, 
screws, plates, etc.) in their body and whether they had barium enema, upper or 
lower gastrointestinal X-ray, nuclear medicine scan or other test that used contrast or 
radioactive materials recently. The coefficient of variations (in vivo) in our 
laboratory were 0.7% and 0.9% at the total hip and lumbar spine respectively. 
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2. Quantitative Ultrasound 
Subjects had quantitative ultrasound scan in the first visit to the research center 
using Sahara clinical bone sonometer (Hologic, Bedford, MA, USA). Subjects were 
asked whether they had ever broken either heel or had hardware in either heel, had 
open wound on ankle or heel, ever broken any bone in either leg or had permanent 
weakness in legs, ankle or feet from an old injury or stroke. Right heel was preferred 
for the QUS unless they had the above conditions on it. 2 measurements were 
performed. If there was difference of 10 or more units of the 2 measurements or both 
measurements had an asterisk for estimated BMD, a third attempt was performed.3 
parameters: Speed of sound (SOS in m/sec) were provided, Broadband ultrasonic 
attenuation (BUA is the linear slope when ultrasound attenuation expressed in 
dB/MHz), Quantitative ultrasonic index (QUI is the combination of BUA and SOS 
with no unit) which is unitless is calculated by BUA and SOS with formula QUI 
=0.41*(BUA +SOS) — 571 by the Sahara machine.. The coefficient of variation for 
the QUI measurements was 4.4% in our laboratory. QUI 
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3. peripheral Quantitative Computed Tomography 
Subjects had cortical and trabecular BMD and bone volumetric parameters 
measurement at proximal(33%) and distal(4%) of non-dominant forearm and 
opposite lower leg respectively during the first follow up visit at the research center 
using Bone computerized tomography system (pQCT XCT 3000) (Norland Medical 
Systems，Inc, Pforzheim, Germany). If a subject had a previous fracture at the 
measurement site, the non-fractured site was measured. Total BMD which include 
both trabecular and cortical was measured at the 4% site(distal) and expressed as 
mg/cm3. Trabecular bone is distributed mainly at the 4% of the limb length while 
cortical bone made up of most of the bone at 33% of the limb length. 
The coefficient of variation for the pQCT measurements for radius at 4% 
Trabecular density is 2.49%, for tibia at 4% is trabecular density 0.89%, for radius at 
33% Cortical density is 0.53%，for tibia at 33% cortical density 0.43%. 
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3.4 Record of Fracture 
All fracture diagnoses were based on history and X-ray. All fracture sites (hip, 
wrist, skull/face, ribs, cervical vertebrae, thoracic vertebrae, lumbar vertebrae, 
shoulder, arm, wrist, tibia, fibula, foot, metatarsal toes, hand, fingers and pelvis) 
were recorded. Pathological fracture (eg. cancer in bone) was excluded. All subjects 
were follow-up by phone and visit to the research center. The participants were 
called every 4 months after the baseline date and visit follow up to the clinic every 2 
years after the baseline assessment and were enquired about the incidence of new 
fractures at each follow-up visit either by face to face interview or on telephone. 
When a fracture was reported, the fracture diagnosis was checked from the clinical 
management system (CMS) computerized database of the Hospital Authority (HA). 
In those who could not be contacted by telephone or refused to participate in 
telephone follow-up, the incidence of fracture was looked for by the CMS. In case 
any major fracture was missed, fractures were ascertained from the lists of HA 
discharge diagnoses in all subjects. A final review of medical records in the CMS 
was done between October, 2009 and November 2009. All fractures reported at any 
stage but could not be substantiated by HA information system or arranged X ray 
were excluded from analysis for fracture status. The site of the fracture incident, 
degree of trauma and date of the incident were recorded. Fragility fracture is defined 
by fracture caused by minimal trauma, fall from standing height or less and fall from 
stairs, steps or curb. In this study, only non-spine fractures were examined. Vertebral 
fractures were excluded in the analysis because vertebral fractures may be 
asymptomatic and missed by self report and medical records (Lindsay et al., 2001). 
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3.5. Statistical method 
SPSS version 15.0 was used for all statistical analysis. 
Group data were presented using mean and standard deviation and some in 
prevalence (%).Student t test, Fisher Exact test or Mann Whitney test were used for 
group comparison. Correlation analysis was used to test the association between 2 
variables. Univariate Cox regression was used to examine the association between 
fracture and the variables. Variables which are statistically significant (P <0.1) were 
enter into forward and backward stepwise Cox regression to find the best model of 
prediction. The association between continuous variables was determine using 
correlation. Logistic regression was used to examine the association of fracture and 
bone parameters of DXA, QUS and pQCT. ROC curve for DXA, QUS and pQCT to 
predict fracture was drawn. 
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Chapter 4 Predictors of Non-spine Fracture of Hong Kong Elderly Chinese Men 
4.1 Introduction 
Osteoporosis and osteoporotic fracture is a major public health problem in Asia. 
The elderly population of Asia is projected to account for 9.3% of the total 
population in Asia in the year 2025(Mithal et aL, 2009). With the urbanization and 
population increased throughout Asia, it is projected that more than 50% of hip 
fracture will be occurring in the area in 2050(Cooper et al., 1992). The burden of 
osteoporosis and its fracture will increase tremendously in Asia. 
Hip fracture incident in elderly Hong Kong Chinese are stable in the recent 
years and even slightly lower in men in the 50-59 age group compare to the 1960s 
and 1980s (Kimg et aL, 2007a). However, as the life expectancy increases, the 
population of people aged 65 and above increased. At Hong Kong, the population of 
people aged 65 and above rised from 2.8% in the year 1961(2006 population 
by-census thematic report: Older persons, 2008) to 12,8% in 2009(Hong Kong in 
figures 2010 edition, 2010.) and is projected to be 26.4% in the year 2036(Projected 
mid-year population by age group and sex for 2007-2036, 2007). Besides, hip 
fracture is one of the top five diseases for hospitalization among elderly in Hong 
Kong (Hospital Authority in-patient statistics，2001). Hence, the burden of fracture in 
Hong Kong is still on the rise. 
Osteoporosis is diagnosed using DXA with T-score below 2.5 SD of the young 
adults group according to WHO criteria. Although DXA scan is considered the gold 
standard to diagnose osteoporosis, DXA machine is not widely available in Asia and 
the cost of DXA scan is expensive. Hence, identifying risk factors of fracture in 
elderly Asian is crucial to screen those who are at higher risk of fracture. 
Most research on predictors of fractures was done in elderly women. In US, 
older age, history of maternal hip fracture, decrease in weight and height since age 
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25, lower self-rated health, history of hyperthyroidism, usage of long-acting 
benzodiazepines, usage of anticonvulsant drugs, caffeine intake, sedentary lifestyle, 
inability to rise from chair, depth perception, contrast sensitivity, higher pulse rate, 
history of fracture aged 50 and above are risk factors of hip fracture in elderly 
women (Cummings et al., 1995). In Hong Kong, a cohort study of postmenopausal 
women found that usage of walking aids, history of fall, being homebound, low 
calcium intake, aged 65 years and above, history of fracture and low BMI are risks 
factor of osteoporotic fracture (Kung et al., 2007b). 
In the US elderly men study (Lewis et al., 2007)，usage of tricyclic 
antidepressant, history of previous fracture at or after aged of 50 years, inability to 
complete a narrow walk trial, history of falls in the previous year, aged 80 years or 
above and depressed mood are risk factors of non-spine fracture. This is the first 
study to examine the risk factors of non-spine fracture in Hong Kong elderly men. 
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4.2 Subjects and Methods 
2000 Chinese men aged 65 and above were recruited from the community with 
approximately 33% in each of the following age groups: 65-69, 70-74 and >75 years 
from August 2001 till March 2003. All subjects could walk without assistance and do 
not have bilateral hip replacement. The study protocol was approved by the Chinese 
University of Hong Kong Ethics Committee. Informed consent was obtained from all 
subjects. Our analysis included 1990(99.5%) subjects .5 subjects who reported taking 
osteoporosis medication, 4 subjects who death date could not be verified and 1 
subject who could not be found in the CMS of HA were excluded in the analysis. 
The average follow-up years were 6.5 士 1.68 years. 
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4.2.1 Baseline assessment 
All subjects were invited to the research center to have a baseline assessment. 
The participants were interviewed using a structured standardized questionnaire and 
underwent physical examination and DXA scan on the first visit. 
1. Questionnaire 
Personal details and demographic information included eg. age, address, contact 
number, date of birth, occupation, married status and educational level. Height and 
weight at age 25 years were enquired. Medical history related to osteoporosis and 
fracture was recorded (diabetes mellitus, hypertension, thyroid disease, angina, 
Parkinson, osteoporosis, stroke, COPD，cataract, glaucoma, myocardial infarction, 
prostatitis, chronic heart failure, gastrectomy, arthritis, kidney stones, and cancer). 
History of fall and dizziness were also obtained. Self history and parental history of 
fracture were recorded. Medications taken by participants were brought to the center 
for identification and record. Past and current amount, duration and frequency of 
alcohol and tobacco consumption were asked and recorded. Dietary intake was 
recorded using a modified Block Food Frequency questionnaire based on the data 
from the Hong Kong Adult Dietary Survey in 1995(Leung et al., 1997). Physical 
activity was measured by the Physical Activity Scale for the Elderly Questionnaire 
(PASE) modified for use in the older Chinese at Hong Kong (Liu et aL, 2001). 
SF-12 physical and mental component summary and instrumental activities of Daily 
Living were assessed. Subjects were also asked about their socioeconomic status. 
MMSE test and CSI-D test were performed to assess the cognitive function of the 
subjects. Dementia according to MMSE score adjust for educational level (illiterate 
< 18，1-2 years schooling < 20, more than 2 years schooling < 22). A validated 
Chinese Geriatric Depression Scale (CGDS) were used to detect depression. 
Subjects who scored 8 or above were considered as depressed. 
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2. Physical examination 
A. Anthropometry 
Height and weight of the subjects were measured with indoor clothing without 
shoes. Height was measured by the Holtain Harpenden standiometer (Holtain Ltd., 
Crosswell, UK). Body weight was measured by the Physician Beam Balance Scale 
(Healthometer, 111., USA) .Both readings were recorded in 1 decimal. Radial pulse 
was felt for 30 seconds and recorded and arm blood pressure was measured. 
B. Neuromuscular function 
Grip strength on both hands was measured with a Preston Grip Dynamometer 
(Takei Kiki Kogyo). Hand conditions eg. Surgery on hands or wrist for past 3 
months, pain or arthritis in hands were enquired. Three tests on each hand were 
performed. The average of the second and third tests on each hand was used. 
Participants were asked to cross their arms in front of their chest and stand up from 
the chair. Subjects who could perform the trial were asked to repeat the action for 5 
times continuously. Time and arm use for chair stand test were recorded. A six meter 
usual pace and a 20cm narrow walk test were assessed. Normal walking pace was 
assessed. The subjects walk for 6 meter in normal pace and the time consumed was 
recorded. 20cm narrow walk test were assessed. The subjects walk with normal pace 
between 2 lines 20cm apart for 6 meters and the time consumed was recorded. 
Number of deviation from the line was also recorded. Usual walking speed and 
narrow walk walking speed were then calculated and categorized according to the 
EPESE category (Guralnik et all994). 
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C. Visual function 
Before assessing visual function, all subjects were asked whether they usually 
wear glasses or contact lenses for distance tasks and visual acuity test. Distance 
visual acuity was tested using Snellen tumbling E chart (Clement Clarke，London, 
UK). All subjects stood at 6 meter at the beginning of the test and then move to 3 
meter if they could not identify the characters correctly. Contrast sensitivity was 
assessed using Vectorvision CSV-IOOOE chart (Vectorvision, Ohio, USA). Subjects 
were asked to stand at 8 feet to perform the test and then move to 4 feet if they could 
not identify correctly.4 different spatial frequency were tested starting from the 
highest contrast sensitivity in the lowest spatial frequency (3cpd, 6cpd, 12cpd, 
18cpd). Depth perception was assessed using Frisby Stereo test (Clement Clarke 
International, London, United Kingdom). All subject started at a standard distance of 
40cm and thickest plate to test for depth perception. 
D.DXA scan 
Bone mineral scan at the total hip was measured by Hologic QDR-4,500 W 
densitometers (Hologic, Inc., Waltham, Mass.). The coefficient of variation (in vivo) 
in our laboratory was 0.7% at the total hip. Hip BMD T were determined from the 
local reference data (Lynn et al., 2005b) 
57 
4.2.2Record of fracture 
All fracture reported by participants were confirmed by X-ray or medical record. 
All fracture sites (hip, wrist, skull/face, ribs, shoulder, arm, wrist, tibia, fibula, foot, 
metatarsal toes, hand, fingers and pelvis) were recorded. Pathological fracture was 
excluded. All subjects were follow-up by phone and visit to the research center. The 
site of the fracture incident, degree of trauma and date of the incident were also 
recorded. Fragility fracture was defined as fracture caused by minimal trauma (eg. 
fall from standing height or less). All fracture reported by participants were then 
confirmed by X-ray or medical record. As the report of fracture in the cohort is better 
if supplemented with medical records (as mentioned in Chapter 7)，a final check on 
all subject's medical report is done between October, 2009 and November 2009. All 
non-spine fracture was included in this analysis as it was reported that excluding high 
trauma fracture will probably underestimate the effect of osteoporosis to fracture 
(Sanders et aL, 1998). 
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4.2.3 Statistical Analyses 
All data were analyzed using SPSS 15.0. 
Vertebral fractures were excluded in the analysis because vertebral fractures 
may be asymptomatic and missed by self report and medical records (Lindsay et al., 
2001). Subjects who had fracture and those who did not have fracture were compared 
using t-test, chi square test, Fisher's exact test, and Mann-Whitney test. For age, the 
subjects were divided into 5 year increment of age and their fracture risks in each age 
group were determined. 80 years as cut point was used as the group of aged 80 years 
and above had the highest risk. Continuous variables such as PASE score, PCS-12, 
MCS-12, grip strength and chair stand test were categorized by quartile .The lowest 
quartile of PCS-12, chair stand test and grip strength had the highest risk of fracture. 
Narrow walking speed and usual walking speed were categorized according to 
EPESE. BMI were categorized as BMI<18.5 and BMI>18.5. For visual acuity, 
subjects were categorized into 3 groups (<6/12, 6/12-6/18 and >6/18). 4 different 
spatial frequencies (3cpd, 6cpd, 12cpd, 18cpd) were assessed for contrast sensitivity. 
Contrast sensitivity value in log units were used to determine the association with 
fracture. The association of contrast sensitivity at 6cpd with fracture was assessed 
and categorized subjects using level 2 as cut off point. For the test for depth 
perception, subjects were categorized into normal (score 85) and abnormal (score 
>85 or did not performed) group. 
The associations between the variables and fracture were assessed using cox 
regression. The variables were first tested separately using univariate cox regression 
without adjustment. Those variables which were with P value of less than 0.1 were 
then tested adjusted with age and adjusted with age and hip BMD. The variables that 
were associated with fracture after adjusted with age (P<0.1) were entered into the 
forward and backward stepwise cox regression model with and without hip BMD in 
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the selection. The top three score of forward and backward stepwise cox 
regression were selected and compare. Forward and backward stepwise regressions 
show the same results. The best f ; score were selected. Hazard ratios of number of 
risk factors and hip BMD T score were assessed using cox regression. 
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4.3 Results 
1990 Chinese elderly men were follow-up for an average period of 6.5 士 1.68 
years. 133 (6.7%) fracture incident happened during this period. 1740 subjects and 
1560 subjects attended the first and second follow-up respectively. 322(13.2%) 
subjects died during the analysis. The incidence rate in the cohort was 10.28/1000 
person years. The most common fracture sites were hip (20.6%), wrist (20.6%) and 
ribs (16.2%) among all non-spine fracture. Of all fracture, 108(81.2%) were fragility 
fracture. Hip (25.2%), wrist (23.4%) and ribs (15.3%) were also the most common 
fracture when considering fragility fracture. Table 4a shows the characteristics of the 
subjects in this study. Table 4b shows the number of fracture sites of the cohort. 
Figure 4a shows fracture incident recorded in this study in every follow-up year. 
None of the subjects took Sildenafil, androgen, antispasmodic urinary 
medication. The medication usage of thyroid hormone, proton pump inhibitor， 
angiotensin II receptor blockers, benzodiazepine, cholinergic agonist, inhaled 
corticosteroid, oral corticosteroid, cox-2 inhibitor, H2 receptor antagonist, narcotic 
analgesic, non benzodiazepine anticonvulsant, testosterone, anti androgen, SSRI, 
traodone, tricyclic and testosterone injection were rare in our cohort with less than 
1 % respectively. The prevalence of hypothyroidism and Parkinson were also lower 
than 1% in this cohort. Only 1473 subjects reported maternal history of fracture and 
1414 subject reported paternal history of fracture. The lack of information of paternal 
and maternal history of fracture of the subjects was probably because they lost their 
father or mother during wartime. 
Table 4c shows the difference between those who suffered fracture and those 
who did not. Subjects who had fracture during the follow-up period were statistically 
significantly older, had lower grip strength, lower score of physical component 
summary 12，lower hip BMD, higher score in the Frisby Stereo test, lower contrast 
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sensitivity, BMI<18.5 and had history of COPD, history of cataracts, history of fall, 
osteoporosis, and history of fracture at or after age 50 (P<0.05). 
Variables with no significant difference (P<0.05) between fracture and 
non-fracture groups were socioeconomic status, marital status, education level, self 
rated general health status, PASE score, medical conditions(hypertension, angina, 
congestive heart failure, protatitis, arthritis, cancer, kidney stones, thyroid disease, 
stroke, heart attack, heart failure), alcohol and tobacco consumption, mental 
component summary 12, usage of medications (alpha blocker, beta blocker, ACE 
inhibitor, statins, nitrates, aspirin, calcium channel blocker, loop diuretic, 
potassium-sparing diuretic, thiazide diuretics, hypoglycemic agents, NSAIDS). 
For univariate cox regression without adjustment, age > 80 years, weight and 
height change since age 25 years, hip BMD, BMI under 18.5, lowest quartile of 
PCS-12, Frisby Stereo test score above 85, history of fracture at or after age 50 years, 
history of cataracts, osteoporosis, COPD, slowest narrow walk speed，most time 
spend on chair stand test group, history of fall and total difficulty with 5 lADLs were 
significant predictors of fracture (P<0.1). After adjusted with age, BMI<18.5, 
PCS-12 lowest quartile, Frisby stereo test>85, grip strength, narrow walk speed, 
history of fracture at or after age 50 years，history of osteoporosis, history of COPD, 
history of fall and low hip BMD were significant predictors of all non-spine fracture 
(P<0.1, Table 4d). Predictors of fragility fracture were similar with predictors of 
fragility fracture when adjusted with age (P<0.1, Table 4e). 
In the multivariable stepwise cox regression, variables that were included in the 
final model without hip BMD adjustment were age>80, Frisby Stereotest >85, 
PCS-12 in the lowest quartile, history of fall, history of fracture at or after age of 50 
years, COPD and BMI<18.5(Table 4f). After adding hip BMD into selection, BMI 
was not a significant predictor. For fragility fracture, history of COPD was not in the 
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final model. After adding hip BMD into selection, the final model for fragility 
fracture were hip BMD, age>80, Frisby Stereotest score >85, PCS-12 in the lowest 
quartile and history of fall. 
The hazard ratio(95% CI) was 1.97(1.18-3.28) for those who had 1 risk factor 
(Table 4g). Subjects who had 2 or above risk factors, hazard ratio(95% CI) of 
fracture increased to 5.14(3.21-8.25). When adjusted with BMD, the hazard 
ratio(95% CI) of having 1 risk factor and 2 or above risk factors was 1.80(1.09-3.04) 
and 4.28(2.64-6.93) respectively. 
According to baseline hip BMD T score (Table 4h), 5.7% were osteoporosis, 
46.2% were osteopenia, and 48.1% had normal bone mineral density. For all fracture, 
subjects who were osteoporosis had hazard ratio of 4.24(2.40-7.49).Those who were 
osteopenia had hazard ratio of 2.07(1.41-3.03). 
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Table 4a Characteristics of the participants in this study(pg63-66). 
Variables Mean(SD)/Percentages 
Age (DE) 72.4(5.0) 
Age >80 9.20% 
Weight (kg) 62.4(9.4) 
Height (cm) 163.1(5.7) 
Body mass index 23.4(3.1) 
Underweight(BMI< 18.5) 5.80% 




No schooling 5.10% 
Primary 55.20% 
Secondary 26.10% 
College and above 13.60% 
Marital status 




Living alone 7.10% 
Systolic Blood Pressure 141.8(19.9) 
Diastolic blood pressure 78.4(9.2) 
Pulse rate 67.9(10.6) 
Dementia 
MMSE score 27.0(2.8) 
Dementia according to MMSE* 4.00% 
Dementia according to CSI-D 5.00% 
Borderline dementia according to CSI-D 7.20% 
PASE total score 97.4(50.4) 
Number of lADL impairments 0.3(0.7) 
Difficulty with five lADL 0.4(1.2) 
(SF12)Physical Component Summary 50.6(7.6) 
(SF12)Mental Component Summary 55.8(6.8) 





Normal hip BMD T-score 48.10% 
Depression 
Chinese Geriatric Depression Scale 3.0(2.8) 
Depression according to CGDS 8.40% 




















Ever drink 5 drinks or more every day 8.00% 
Self perceived health status good/excellent 58.10% 
Self perceived health status poor /fair 41.90% 
Walking daily for exercise 66.70% 
Grip strength (kg) 31.2(6.4) 
Time(seconds) to complete 5 stands 12.6(3.9) 
EPESE walking speed (m/sec) 
Group (4) >0.83 86.10% 
Group (3) 0.65-0.82 11.60% 
Group (2) 0.47-0.64 11.60% 
Group (1) 0-0.46 2.00% 
EPESE narrow walking speed(m/sec) 
Group (4) >0.83 60% 
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Variables Mean(SD)/Percentages 
Group (3) 0.65-0.82 21.70% 
Group (2) 0.47-0.64 10.40% 
Group (1) 0-0.46 3.40% 
Group (0) <0 4.60% 
Food intake 
Protein (g) per day 87.7(35.3) 
Fat (g) per day 67.7(24.5) 
Carbohydrate (g) per day 287.1(87.3) 
Vitamin A(I.U.) per day 3827.5(3271.2) 
Vitamin B1 (mg) per day 1.0(0.4) 
Vitamin B2(mg) per day 1.0(0.5) 
Vitamin B3 / niacin (mg) per day 21.4(18.8) 
Vitamin C (mg) per day 160.1(113.1) 
Vitamin D (I.U.) per day 14.5(25.3) 
Calcium (mg) per day 628.6(298.0) 
Soy protein intake (g/day) 5.3(8.4) 
Vegetables (g/day) 245.7(167.3) 
Phosphorous (mg) per day 1159.1 (494.8) 
Iron (mg) per day 16.0(7.2) 
Zinc (mg) per day 10.1(3.7) 
Iodine (ug) per day 2.7(9.2) 
Fiber (g) per day 9.7(5.2) 
Total isoflavone (mg) 15.6(23.2) 
Medication 
Alpha blocker 11.90% 
ACE inhibitor 14.10% 
Aspirin 12.50% 
Beta blocker 15.80% 
Calcium channel blocker 17.10% 
Diuretic thiazide 3.70% 
Statin 5.30% 
Hypoglycemic drugs 10.60% 
Nitrate 6.90% 
Loop diuretic 2.00% 










Myocardial Infarct 10.00% 
Angina 10.20% 








Rheumatoid arthritis 1.10% 
Gout 12.50% 
Kidney stone 5.80% 
Cancer 4.40% 
History of fall past 12 months 15.30% 
History of fracture at or after 50 years 6.60% 
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Table 4b Frequency and percentages of fracture sites in this study 
. Fragility 
. All non-spme 
Site Percentages non-spine Percentages 
iracture 
fracture 
Hip 28 20.6% 28 25.2% 
Wrist 28 20.6% 26 23.4% 
Ribs 22 16.2% 17 15.3% 
Arm 17 12.5% 15 13.5% 
Fingers 9 6.6% 3 2.7% 
Leg 8 5.9% 7 6.3% 
Ankle 8 5.9% 4 3.6% 
Foot 7 5.1% 3 2.7% 
Others 9 6.6% 8 7.2% 
U 6 100% m 100% 
*3 fracture incidents had 2 fracture sites. 
Figure 4a 
Number of non-spine fracture recorded in the study period 
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Table 4c Comparison of the characteristics between fracture and non-fracture 
subjects. 
Variables Unit No fracture Fracture p value 
Age years 72.3(4.9) 74.0(5.5) 0.001 
Weight kg 62.5(9.3) 61.3(10.3) 0.143 
Height cm 163.1(5.7) 162.9(5.7) 0.716 
BMI kg/m2 23.5(3.1) 23.0(3.4) 0.291 
Underweight(BMI<l 8.5) 5.3% 12.0% 0.003 
Hip BMD g/cm2 0.87(0.13) 0.81(0.13) 0.001 
PCS12 50.7(7.5) 48.7(8.4) 0.002 
Contrast Sensitivity 6 cpd � l eve l 2 22.7% 31.6% 0.025 
Frisby Stereotest >85 23.20% 38.30% 0.001 
Grip strength 
Quartile 1 26.1% 41.4% 0.001 
Quartile 2 24.1% 22.6% 
Quartile 3 25.8% 17.3% 
Quartile 4 23.9% 18.8% 
COPD 10.90% 21.10% 0.001 
Cataracts 31.1% 41.4% 0.016 
Fracture at or after age 50 6.1% 13.5% 0.003 
Osteoporosis 2.80% 6.00% 0.058 
History of fall past 12 
14.80% 23.30% 0.012 
months 
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Table 4d Predictors for all non-spine fracture adjusted with age and adjusted with 
age and hip BMD (Including variables with P<0.1 adjusted with age) 
� r .11 Prevalence/ Reference Adjusted with 
Variables Adjusted with age 
mean 士SD /unit age and BMD 
Age>80 9.20% Age<80 2.24(1.42-3.55)* 1.89(1.19-3.00) 
BMI <18.5 5.80% BMI>18.5 2.17(1.28-3.69) 1.36(0.77-2.41) 
Systolic Blood Pressure 141.8士 19.9 -19.9 1.22(1.02-1.46) 1.19(0.99-1.41) 
Physical Component -12 
A .1 1 24.90% >47.12 1.86(1.31-2.65) 1.74(1.22-2.48) 
Quartile 1 
Inability to score 85 in 
1 … � 24.20% Score 85 1.82(1.28-2.60) 1.74(1.21-2.48) 
the Frisby Sterotest ) 
Grip strength 23.60% Quartile 4 
Quartile 1 27.10% 1.61(0.98-2.66) 1.32(0.79-2.21) 
Quartile 2 24.00% 1.06(0.62-1.82) 0.95(0.55-1.63) 
Quartile 3 25.30% 0.80(0.45-1.41) 0.76(0.42-1.35) 
Narrow walk 60.00% >0.83 
0.65-0.82 21.70% 1.13(0.72-1.75) 1.13(0.72-1.75) 
0.47.0.64 10.40% 1.40(0.83-2.38) 1.31(0.77-2.23) 
0-0.46 3.40% 1.80(0.85-3.83) 1.79(0.84-3.80) 
<=0 4.60% 1.77(0.91-3.47) 1.92(0.98-3.73) 
Fracture at or after age of 
6.60% 2.24(1.36-3.69) 1.90(1.15-3.15) 
History of osteoporosis 3% 2.13(1.04-4.35) 1.72(0.84-3.55) 
History of COPD 11.60% 2.12(1.39-3.22) 1.83(1.20-2.79) 
History of fall 15.30% 1.64(1.10-2.46) 1.61(1.08-2.42) 




Table 4e Predictors for all non-spine fragility fracture adjusted with age and adjusted 
with age and hip BMD (Including variables with P<0.1 adjusted with age) 
Fragility fracture Prevalence/ Reference Adjusted with Adjusted with 
mean 士SD /unit age age and BMD 
Age>80 9.20% Age<80 2.59(1.59-4.21)* 2.13(1.30-3.49) 
BMI <18.5 5.80% BMI>18.5 2.12(1.18-3.81) 1.24 (0.66-2.34) 
Systolic Blood Pressure 141.8士 19.9 19.9 1.21(0.99-1.47) 1.17(0.96-1.42) 
Physical Component -12 24.90% >47.12 1.89(1.28-2.79) 1.75(1.18-2.59) 
Quartile 1 
Inability to score 85 in the 24.20% 85 group 1.90(1.28-2.82) 1.80(1.21-2.67) 
Frisby Sterotest 
Grip strength, 23.60% Quartile 4 
Quartile 1 27.10% 1.901(1.06-3.43) 1.53(0.84-2.78) 
Quartile 2 24.00% 1.28(0.69-2.39) 1.13(0.61-2.11) 
Quartile 3 25.30% 1.01(0.53-1.93) 0.96(0.50-1.84) 
Narrow walk 60.00% >0.83 
0.65-0.82 21.70% 1.33(0.82-2.15) 1.33(0.82-2.16) 
0.47.0.64 10.40% 1.63(0.92-2.90) 1.52(0.85-2.69) 
0-0.46 3.40% 2.03(0.90-4.57) 2.01(0.89-4.56) 
<=0 4.60% 1.86(0.88-3.92) 2.04(0.97-4.28) 
Fracture at or after age of 50 6.60% 1.94(1.09-3.47) 1.60(0.89-2.89) 
History of osteoporosis 3% 2.32(1.08-4.99) 1.82(0.84-3.95) 
History of COPD 11.60% 1.90(1.18-3.07) 1.60(0.99-2.60) 
History of fall 15.30% 1.70(1.10-2.65) 1.67(1.07-2.59) 
Hip BMD 0.86士0.13 0.13 1.62(1.33-1.97) 1.74(1.42-2.11)卞 
氺 Age only 
tBMD only 
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XT .11 fracture fracture 
Variables Stepwise Stepwise 
included BMD [ included BMD 
selection without. selection 
into selection into selection 
BMD without BMD 
Hip BMD 1.43(1.19-1.70) 1.58(1.30-1.91) 
Age >80 1.75(1.10-2.78) 1.64(1.02-2.61) 2.07(1.27-3.40) 1.92(1.17-3.16) 
Inability to score 85 in 
1 . 1.91(1.35-2.72) 1.80(1.27-2.57)2.05(1.39-3.03) 1.92(1.30-2.83) 
the Frisby Sterotest 
Physical Component 12 
1.69(1.18-2.41) 1.64(1.15-2.35) 1.81(1.23-2.68) 1.76(1.19-2.61) 
Lowest Quartile 
History of Fall 1.59(1.06-2.38) 1.51(1.01-2.27) 1.67(1.07-2.61) 1.61(1.04-2.51) 
Fracture at or after age 
2.08(1.26-3.43) 1.82(1.10-3.02) 1.84(1.03-3.29) Not in model 
50 years 
History of COPD 1.74(1.14-2.68) 1.63(1.06-2.51) Not in model Not in model 
Underweight(BMI<18.5) 2.10(1.23-3.60) Not in model 2.28(1.26-4.10) Not in model 
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Table 4g Hazard ratio of number of risk factors for non-spine fracture with or 
without hip BMD. 
Incident 
Number Number of rate Hazard Ratio Hazard Ratio 
of Risk Prevalence fracture(1000 (1000 without Hip Adjusted with 
factors* person years) person BMD Hip BMD 
years) 
BMD 1.41(1.18-1.68) 
0 38.40% 23 4.4 Reference Reference 
1 36.10% 41 8.6 1.97(1.18-3.28) 1.82(1.09-3.04) 
^ 25.50% 69 22.8 5.14(3.21-8.25) 4.28(2.64-6.93) 
*Risk factors included: Age >80, Inability to score 85 in the Frisby Sterotest, 
Physical Component 12 Lowest Quartile, History of Fall, Fracture at or after age 50 
years, History of COPD, Underweight(BMI<l 8.5) 
Table 4h Hazard ratio of osteopenia and osteoporosis for non-spine fracture. 
Hip BMD Prevalence Number of Incident rate Hazard Ratio(95% 
T score fracture(1000 (1000 person CI) 
person years) years) 
Normal 48.10% 40 6.3 Reference 
Osteopenia 46.20% 76 12.9 2.07(1.41-3,03) 
Osteoporosis 5.70% 17 ^ 4.24(2.40-7.49) 
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4.4 Discussion 
The incidence rate in this cohort (10.28/1000 person years) was comparable 
with the US MrOs cohort (11.46/1000 person years) (Lewis et al., 2007). In this 
cohort, hip and wrist were the most common fracture sites among all non-vertebrae 
fracture. In the US cohort, they found that rib fracture is the most common fracture 
site. For fragility fracture, hip fracture was still the most common fracture site in this 
cohort which was concurred with the US cohort. The associations of all non-spine 
fracture (high trauma and low trauma) and variables were examined as Mackey et al. 
(2007) shows that high-trauma non-spine fracture in the older population is also 
associated with low BMD and may contribute to the risk of subsequent fracture. 
Aged 80 and above, inability to score 85 in the Frisby Sterotest, PCS-12, history 
of fall, history of fracture at the age of 50 and above, history of COPD and being 
underweight were risk factors of non-spine fracture .After adding hip BMD into 
selection, being underweight was not a significant risk factor in non-spine fracture 
and fragility non-spine fracture. In the final model for fragility non-spine fracture, 
history of COPD was not a significant factor. 
The group of aged 80 and above had the highest fracture risk which was 
similar with the US MrOs study (Lewis et al., 2007). Age, history of fracture at or 
after age of 50 years and history of fall are significant predictors for fracture in both 
gender and both east and west (Cummings et al. 1995; Lau et al., 2001b; Lewis et al., 
2007; Kung et al. 2007b). Nguyen et al. (2007) shows that in even in 
non-osteoporotic women and men, age, history of fall and history of fracture are also 
the risk factors for fracture. 
For per SD reduction of total hip BMD, the risk of fracture was increased 
1.63fold. The risk of fracture per SD reduction of hip BMD is similar with the 
elderly women in Hong Kong (relative risk (95% CI) 1.7(1.4-2.0)) (Kung et al., 
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2007b) and the US elderly men (hazard ratio (95% CI)1.53(1.34-1.74))(Lewis et 
al.,2007). 
In this study, poor depth perception was associated with non-spine fracture. 
Poor stereopsis function is a risk factor of non-spine fracture which is also shown in 
several studies in the west (Cummings et al., 1995; Ivers et al., 2000). Subjects who 
score higher in the Frisby Sterotest had lower binocularity vision. Visual impairment 
is associated with fracture (Felson et al., 1989; Cummings et al., 1995; 
Dargent-Molina et al. 1996; Ivers et al., 2003； Ramrattan et al. 2001; de Boer et al., 
2004). Felson et al.(1989) and Ivers et al.(2003) show that poor best corrected visual 
acuity is associated with fracture. Besides, the EPIDOS study (Dargent-Molina et al. 
1996) shows that poorer habitual visual acuity is associated with hip fracture. The 
SOF study shows that poorer contrast sensitivity and depth perception are both risk 
factors of hip fracture. Ramrattan et al. (2001) and Ivers et al.(2003) shows that 
visual field impairment is also associated with fracture. In this study, only poor 
stereopsis function is associated with fracture. Stereopsis is the ability to determine 
the depth between different objects using both eyes and plays an important role in 
controlling fine motor and responding quicker and more accurately when estimating 
the time to collision (William et al., 2006). Those subjects who have poor depth 
perception may have failed to assess the depth of the steps and curbs and lead to fall 
and fracture. Lord & Menz (2000) shows that stereopsis is associated with body 
sway in elderly which may also be one of the factors contributing to fall and fracture. 
Several studies shows that functional limitations are associated with falls and fracture 
and act as a mediator between visual impairment and fall or fracture (de Boer et al., 
2004; Tromp et al.,2001). Habitual visual acuity and contrast sensitivity was not 
associated with fracture in this study. The associations of visual field and self report 
visual function between fractures were not studied in this cohort. 
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Scoring lower in the Physical Component Summary 12(PCS-12) indicates that 
lower health related quality of life (HRQOL) in the subjects. Lower score in PCS-12 
was associated with fracture in the cohort. PCS-12 may be a useful way to help 
determine the risk of fracture in elderly Hong Kong population. Subjects who scored 
lower in the PCS-12 test may be in poorer health condition. The SOF study shows 
that lower self rated health condition is a risk factor of hip fracture (Cummings et al., 
1995). However in this study association between lower self-rated health condition 
and fracture were not found. PCS-12 may be more comprehensive when assessing 
health condition. Health related quality of life assessed after fracture is shown to be 
lower in those who suffered fracture (Hallberg et aL, 2004). Several studies (Randell 
et al., 2000; Pande et al., 2006) show that HRQOL is lower even before the fracture 
however the HRQOL of pre-fracture were assessed after fracture which may be 
biased. Rohde et al. (2009) shows that the overall pre-fracture performance in the 
SF-36 assessment of both fractures and controls are similar. However, among the 
pre-fracture HRQOL assessment physical limitation, social function and emotional 
role limitation is statistically significantly lower in those who suffered fracture than 
those who did not. Those who scored higher in the general health, bodily pain and 
mental health aspect have higher risk to suffer wrist fracture in a case control study. 
Underweight (BMI<18.5 kg/m^) was not a significant predictor after adding hip 
BMD into selection in this study. This indicates that BMI was associated with 
fracture dependent of hip BMD. A meta-analysis of BMI and fracture shows that low 
BMI is a risk factor of fracture without BMD adjustment, after adjustment for BMD, 
BMI and fracture is not associated (De Laet et al., 2005). However, when BMI is less 
than 20kg/m2, BMI remain as a risk factor for fracture independent of BMD. Taylor 
et al. (2004) also shows that low BMI is associated with hip fracture but can be 
explained by low hip BMD for the long term prediction of fracture in the SOF study. 
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History of COPD was one of the risk factor of all non-spine fracture but not 
fragility fracture in this study. Only 8.6% of the subjects who had history of COPD 
used corticosteroid medication (2 used oral corticosteroid and 18 used inhaled 
corticosteroid). However as COPD progress to be more severe, the usage and dosage 
of corticosteroid may increase. In a case control study examining the association of 
fall and chronic diseases, Lawlor et al. (2003) shows that those who had COPD has 
an increased risk of fall. In the cross sectional study of this cohort at the baseline, 
subjects with COPD was associated with increased risk of depression but none of 
them were on antidepressant (Wong et al , 2006). However, as the disease 
progressed the subjects might start intervention by taking antidepressants. The 
relationship between COPD and fracture need to be further investigated. 
In a retrospective study in four Asian countries (Lau et al., 2001b), low dietary 
calcium intake, living a sedentary lifestyle, consumption of tobacco and alcohol, 
history of fall, history of fractures at or after age 50 years, history of stoke, usage of 
thyroid drugs and sedatives, body height are the risk factors for hip fracture for men 
above 50 years. We did not find association fracture and dietary calcium, physical 
activity, consumption of tobacco and alcohol and usage of medications in this study. 
According to the Geriatric Depression scale, 8.4% (167) of the subjects were 
depressed. There is no association between depression and fracture in the cohort. 
Only few subjects took antidepressant. One subject took selective serotonin reuptake 
inhibitor, one subject took trazodone, and eight subjects took tricyclic antidepressant. 
Western studies (Cummings et al., 1995; Lewis et al., 2007) show that depression is 
associated with fracture. However there is no association between fracture and 
depression in this study. This may be due to the different way to detect depression. 
The US MrOs used a question from SF-12 about their mood. While our cohort used 
the 15 questions Chinese Geriatrics Depression Scale to detect depression with a 
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cutoff point of 8. The association of usage of anti-depressant and fracture were not 
studied because of the low prevalence of usage of anti-depressant in the study. The 
subjects who participated in the study may be more outgoing and less likely to be 
depressed as they were relatively healthier and volunteered to participate in the 
study. 
In the cross sectional study of determinants of BMD in the same cohort(Lau et 
aL, 2006), age, weight, tobacco consumption, PASE score ,calcium intake, history of 
COPD, gastrectomy, thyroid disease, diabetes mellitus, fracture at or after age of 
50,usage of ACE inhibitor, inhaled corticosteroid are significant risk factors of lower 
BMD. Age, history of COPD and history of fracture at or after age of 50 years are 
both predictors for BMD and fracture. The association of age, history of COPD and 
history of fracture at or after age of 50 years and non-spine fracture could only partly 
be explained by BMD. 
This study showed that those who aged 80 years and above, had poorer depth 
perception, history of fall, history of fracture at or after aged 50 years, history of 
COPD, lower score in PCS-12, underweight and low BMD were at risk of future 
non-spine fracture. The risk of having a non-spine fracture in subjects who had one 
risk factor is approximately two fold higher than those who do not have any risk 
factors. Those who had two and above risk factors, were at five times higher risk to 
suffer a non-spine fracture than those who had no risk factors. Even after adjusted for 
hip BMD, those who had one risk factor were still at risk of non-spine fracture with 
HR(95% CI) of 1.82(1.09-2.04) and those who had two risk factors with HR(95% CI) 
of 4.28(2.64-6.93). 
By assessing the PCS-12, performing a Frisby Stereotest and obtaining history 
of fall, fracture and COPD may be useful to detect those who are at higher risk of 
fracture and start intervention before the occurrence of fracture in primary care 
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center and rural area where DXA is not available. 
Interventions to prevent fracture for different risk factors may be implemented. 
For those who have poor depth perception function, correcting refractive error, 
advising the subjects to improve their viewing conditions and vision therapy may 
improve the depth perception of patients. For those who have history of fall and 
lower score of PCS-12, the underlying causes need to be identified and eliminated. 
Besides, hip protection may be suggested to those who have history of fall to prevent 
future fracture due to fall. For those who are underweight, they should be encouraged 
to maintain a normal BMI. 
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4.5 Conclusion 
The incidence rate of Hong Kong Elderly men was concurred with the elderly 
men in the West. Subjects who sustained fracture during the follow-up period were 
older, had lower grip strength, lower score of PCS-12, lower hip BMD, higher score 
in the Frisby Stereo test, lower contrast sensitivity, BMI<18.5 and had history of 
COPD, history of cataracts, history of fall, history of osteoporosis, and history of 
fracture at or after age 50. Clinical risk factors that were associated with increased 
risk of non-spine fracture in Chinese elderly men were aged 80 and above, had 
poorer depth perception, history of fall, history of fracture at or after age of 50 years, 
history of COPD, lower score of PCS-12 and underweight. The hazard ratio (95% CI) 
of non-spine fracture for elderly Chinese men was 1.54(1.29-1.84) for ISD lower of 
hip BMD. 
80 
4.6 Key points 
1. The fracture rate of Hong Kong elderly men was comparable with elderly 
Caucasian men. 
2. Subjects who suffered fracture were older, had lower quality of life, poorer 
neuromuscular function, underweight, had history of COPD, history of cataracts, 
history of fall, history of osteoporosis and history of fracture at or after age 50 years. 
3.For Hong Kong elderly men, the risk factors of non-spine fracture were aged 80 
and above, history of fall ,history of fracture at or after 50 years, score lower in 
physical component 12 and poor depth perception, history of COPD and being 
underweight. 
4. The risk non-spine fracture for elderly Chinese men was 1.54(1.29-1.84) for ISD 
lower of hip BMD 
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Chapter 5 Predictive value of Calcaneal QUS for non-spine fracture 
5.1 Introduction 
Osteoporosis is a major public health issue in Asia. In 2050, hip fracture in men 
is projected to be 1.79 million and more than half occurring in Asia (Cooper et al., 
1992). Dual energy X-ray absorptiometry (DXA) measuring areal bone mineral 
density (BMD) is currently the ‘gold standard，to diagnose osteoporosis (WHO Study 
Group, 1994). However, DXA is not widely available at Asia, most countries have 
less than 0.01 per 10000 population which is much lower than 0.11 per 10000 in 
Europe (Mithal et al., 2009). Besides, the cost of a DXA scan is expensive ranging 
from 10 to 130 USD. By identifying those at high risk of fracture are important to 
prevent future fracture(s). 
Accordingly, cheaper and easily available radiological devices to determine 
bone health status other than DXA should be considered. Calcaneal quantitative 
ultrasound (QUS) is a portable, radiation-free and cost-effective device to measure 
bone health status (Hung et al. 2004, Yung et al. 2005). Although QUS is not 
recommended for diagnosis of osteoporosis, it can be used to assess fracture risk 
(Kanis, 2002; Hans et al, 1996; Bauer et al., 1997; Huopio et al., 2004; Nguyen et al., 
2004; Bauer et al., 2007). 
Most studies of QUS and its value in prediction of fracture were mainly 
conducted in older Caucasian women, with few on men (Hans et al, 1996; Bauer et 
aL, 1997; Huopio et al., 2004; Nguyen et al., 2004; Bauer et al., 2007). The studies of 
QUS on prediction of fracture risk in Asian older men are lacking. Several 
prospective studies of women showed that parameters of QUS were able to predict 
fracture as well as DXA hip BMD (Hans et al, 1996; Bauer et al., 1997; Huopio et al , 
2004; Nguyen et aL, 2004). The US elderly men study also shows that the prediction 
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of non-spine fracture by QUS is similar with DXA (Bauer et al., 2007). The objective 
of the present study is to study association of QUS parameters and fracture in Asian 
elderly men and determine whether its capability is comparable to that of axial DXA. 
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5.2 Subjects and Methods 
2000 Chinese men aged 65 and above were recruited from the local 
communities with approximately 33% in each of the following age groups: 65-69， 
70-74 and >75 years (n=664, n=708 and n=628 respectively) from August 2001 till 
March 2003. All subjects should be able to walk without assistance and do not have 
bilateral hip replacement. The study protocol was approved by the Chinese 
University of Hong Kong Ethics Committee (CRE-2003.102). Informed consent was 
obtained from all subjects. 
At baseline assessment, both height and weight were measured without shoes. 
Weight was measured wearing an examination gown using the Physician Beam 
Balance Scale (Healthometer, 111. USA) and recorded in 1 decimal. Height was 
measured by the Holtain Harpenden standiometer (Holtain Ltd., Crosswell, UK). 
Body mass index (BMI) was calculated using the formula of weight (kg)/ height^ 
(cm). 
We used Sahara clinical bone sonometer (Hologic, Bedford, MA, USA) to scan 
the right heel of the subjects to obtain QUS parameters, including speed of sound 
(SOS), broadband ultrasound attenuation (BUA) and quantitative ultrasound index 
(QUI). A layer of gel was applied to the skin of foot used as a coupling agent for 
QUS scanning. The coefficient of variation for SOS, BUA and QUI were 0.48%， 
3.3% and 4.4% respectively based on a study of 50 patients. Only 1950 subjects QUS 
data was available. 47 subjects had 3 asterisks on all scan (non-linear plots of 
attenuation vs. frequency), 2 subjects did not attempt to scan because their feet are 
too big or had edema and 1 subject had missing data. Among the 1950 available data, 
1939 subjects scanned right heel, 11 scanned left heel (4 had fracture/hardware on 
right foot, 3 had permanent weakness on right foot，1 had wound on right foot, 3 had 
84 
other reasons). QUS measures broadband ultrasound attenuation (BUA) and speed of 
sound (SOS) of the heel and provide an index which is the combination of BUA and 
SOS, quantitative ultrasound index (QUI). BUA is the rate of sound energy 
attenuated with increasing frequency and is expressed in units of deibels per 
megahertz (dB/Mhz). SOS is the velocity if ultrasound and is reported in units of m/s. 
QUI is calculated by BUA and SOS with formula QUI =0.41*(BUA +SOS) — 571 by 
the Sahara machine (Bouxsein, 2003). The coefficient of variation for SOS, BUA and 
QUI were 0.38%, 3.2% and 4.4% respectively based on a study of 50 patients. 
Hip and spine BMD were measured using DXA (Hologic QDR 4500 W, 
Waltham, MA，USA). The coefficients of variation were 0.7% and 0.9% for the 
lumbar spine and hip respectively (Chan et al., 1996). Calibration was performed 
daily on a lumbar spine phantom. According to the International Society of Bone 
Densitometry, subjects who had more than two compression fractures at the lumbar 
spine were excluded in the analysis of spine BMD (Bonnick et al., 2000). All 
subjects had valid hip BMD measurement and 1968 subjects had valid spine BMD 
measurement. 
All subjects were folio wed-up by four monthly telephone calls and two yearly 
visit to the research center for the fracture incidents. The site of the fracture incident, 
degree of trauma and date of the incident were also recorded. All fracture sites (hip, 
wrist, skull/face, ribs, shoulder, arm, wrist, vertebra, tibia, fibula，foot, metatarsal 
toes, hand, fingers and pelvis) were recorded. Pathological fracture was excluded i.e. 
cancer or tumor in the bone. Fragility fractures was defined as fractures caused by 
fall from standing height or less, fall on stairs, steps or curb or minimal trauma. 
Those fractures caused by moderate or severe trauma or fall more than standing 
height was excluded in fragility fracture. All fracture incident reported by 
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participants were then confirmed by X-ray or medical record. All non-vertebral 
fracture was included in this analysis as it was reported that excluding high trauma 
fracture would probably underestimate the effect of osteoporosis to fracture (Sanders 
et al., 1998). Vertebral fractures were excluded in this analysis because vertebral 
fractures may be asymptomatic and missed by self report and medical records 
(Lindsay et al, 2001). 
Those who did not have valid DXA or QUS measurement were excluded in 
statistical analysis. Therefore, 1921 subjects were included in this analysis. T -test 
was used to compare those who experienced non-spine fracture and those who did 
not . The correlation of heel QUS and axial DXA were examined. The association 
between non-vertebral fracture and non-vertebral fragility fracture with bone 
parameters from both QUS and DXA were examined respectively using logistic 
regression unadjusted, adjusted with age and adjusted with age and hip BMD 
separately. The receiver operating characteristics (ROC) curve of parameters of QUS 
i.e. BUA and QUI and axial DXA i.e. hip and spine BMD which are significantly 
associated with non-vertebral fracture were analyzed and AUC for the variables 
were calculated. The AUC of QUI, hip BMD and spine BMD were compared [17:. 
The predicted probabilities of QUI, spine and hip BMD were group into quartile. 
Observed rate of fracture in 1000 person-years and each of the quartiles were plotted. 
All statistical analysis were done using SPSS version 15.0. 
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5.3 Results: 
1921 participants were follow-up for an average of 6.5±1.7 years and 131(6.8%) 
non-spine fractures were recorded. 107 of the fractures were classified as fragility 
fractures. Of all non-spine fractures, there were 28 hip fractures. Table 5a shows the 
characteristics of subjects and comparison of those who suffered fracture with those 
who did not had fracture. Subjects who suffered from non-spine fracture in our 
cohort were statistically significant older and had lower score in BUA, QUI and Hip 
BMD than those who did not had fracture. 
Table 5b shows the correlation of QUS parameters and hip and spine BMD. 
BUA and QUI were highly correlated (尸0.92, p<0.05). However, SOS and other 
QUS parameters i.e. BUA and QUI were only moderately correlated(r=0.41-0.49, 
p<0.05). Both BUA and QUI were moderately correlated with spine and hip BMD 
(r=0.38-0.43, p<0.05) while SOS was weakly correlated with hip and spine 
BMD(r=0.15-0.18, p<0.05). 
Table 5c shows the odd ratios of QUS and axial DXA parameters with all 
non-spine fracture. Table 5d shows the odd ratios of QUS and axial DXA parameters 
with fragility non-spine fracture. SOS was not associated with non-spine fracture in 
this study. BUA, QUI and axial DXA parameters were associated with non-spine 
fracture and non-spine fragility fracture in elderly Chinese men. BUA, QUI and axial 
DXA parameters (hip and spine BMD) were negatively associated with non-spine 
fracture when unadjusted. After adjusted with age, BUA was not significantly 
associated with fragility non-spine fracture. All QUS parameters were not 
significantly associated with fracture after adjusted with age and hip BMD. 
Table 5e shows the AUC of parameters of QUS and DXA which were 
significantly associated with non-spine fracture. The difference of AUC of QUI and 
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BUA when predicting all non-spine fracture was not of statistical significance 
(p=0.9). Hip BMD has the largest AUC compared with other parameters when 
predicting both non-spine fracture and fragility non-vertebral fracture which was 
better than BUA, QUI and spine BMD however the difference was not statistically 
significant (p=0.3-0.4). The AUC of spine BMD was larger than BUA and QUI 
however the difference was also not of statistical significance. The AUC (95% CI) 
acquired by using both hip BMD and QUI to predict non-spine fracture was 
0.653(0.603-0.703). Figure 1 shows the fracture rate of non-spine fracture predicted 
by QUI, spine BMD and hip BMD. Non-spine fracture rate of elderly men in the 
lowest quartile of QUI and axial BMD increased. The number of non-spine fracture 
at the highest quartile of risk for QUI, spine BMD and hip BMD were 52, 55 and 60 
respectively. The number of hip fractures at the highest quartile of risk for QUI, spine 
BMD and hip BMD were 15, 18 and 22, respectively. Whilst the number of non-
spine fractures at the lowest quartile of risk for QUI, spine BMD and hip BMD were 
19, 23 and 20 respectively. By using both QUI and hip BMD to predict fracture, the 
number of non-spine fracture and hip fracture at the highest risk quartile were 59 and 
21, respectively. 
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Table 5a Baseline characteristics of the study population 
Variable Any non-spine fracture Any fragility non-spine 
fracture 
Mean(SD) Mean(SD) Mean(SD) 
All subjects Yes (n=131) No Yes (n=l07) No 
(n-1819) (n=1843) 
Age 72.4(5.0) 74.1(5.5) 72.3(4.9)* 74.4(5.6) 72.3(4.9)* 
Weight(kg) 62.4(9.3) 61.2(10.4) 62.5(9.2) 61.4(10.3) 62.4(9.2) 
Height(cm) 163.1(5.7) 162.9(5.8) 163.1(5.7) 163.3(5.8) 163.1(5.7) 
BMI(kg/m2) 23.4(3.1) 23.0(3.4) 23.5(3.1) 23.0(3.3) 23.4(3.1) 
SOS(m/sec) 1541.1(56.2) 1535.1(27.9) 1541.6(57.7) 1535.6(27.7) 1541.5(57.4) 
BUA(dB/MHz) 72.8(15.9) 69.1(16.8) 73.1(15.8)* 69.1(16.6) 73.0(15.9)* 
QUI 91.8(17.8) 86.6(17.7) 92.2(17.8)* 86.7(17.6) 92.1(17.8)* 
Spine 0.95(0.18) 0.90(0.17) 0.95(0.18)* 0.90(0.17) 0.95(0.18)* 
BMD(g/cm2) 
Hip BMD(g/cm2) 0.86(0.13) 0.81(0.13) 0.87(0.12)* 0.80(0.12) 0.87(0.13)* 
* p<0.05 compared with no fracture subjects. 
Table 5b Correlation among QUS and axial DXA parameters. 
Hip Spine 
BMD QUI BUA SOS BMD 
1 0.42 0.43 0.18 0.69 
BMD 
卿 0.42 1 0.92 0.49 0.38 
而 A 0.43 0.92 1 0.41 0.39 
观 0.18 0.49 0.41 1 0.15 
Spine 
0.69 0.38 0.39 0.15 1 
BMD 
QUI: Quantitative Ultrasound Index; BUA: Broadband Ultrasonic Attenuation; SOS: 
Speed of Sound (SOS) All significant with p<0.05 
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Table 5c Odd ratio (95%CI) of QUS and axial DXA parameters with all non-spine 
fracture and their p values. 
All fracture( 131 ) unadjusted p value adjusted with ^ ^^^^^ ^ 
^ 1.08(0.95-1.21) p=0.231 1.06(0.93-1.20) p=0.397 
BUA 1.30(1.08-1.56)* p=0.006 1.23(1.02-1.48)* p=0.027* 
QUI 1.40(1.16-1.70)* p=0.001 1.32(1,09-1.60)* p-0.004 
Spine BMD by DXA 1.36(1.13-1.65)* p=0.001 1.37(1.13-1.65)* p-0.001 
Hip BMD by DXA 1.61(1.34-1.94)* p=0.0001 1.52(1.26-1.84)* p^O.OOOl 
*:p<0.05 
Table 5d Odd ratio (95%CI) of QUS and axial DXA parameters with all fragility 
non-spine fracture and their p values. 
Fragility adjusted with 
unadjusted p value p value 
Fracture(107) age 
^ 1.07(0.94-1.22) p=0.314 1.05(0.91-1.21) p=0.52 
BUA 1.29(1.05-1.58)* p-0.014 1.22(0.99-1.49) p=0.057 
QUI 1.38(1.12-1.71)* p=0.003 1.29(1.05-1.59)* p=0.016 
Spine BMD by DXA 1.40(1.13-1.73)* p=0.001 1.40(1.14-1.73)* p=0.001 
Hip BMD by DXA 1.70(1.39-2.09)* p=0.0001 1.59(1.29-1.96)* p=0.0001 
*:p<0.05 
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Table 5e Area under curve for BUA and QUI of QUS and axial DXA adjusted with 
age of all non-spine fracture and fragility non-spine fracture 
Variables All fracture(131 ) Fragility 
Fracture(107) 
BUA 0.618(0.568-0.668) NA 
QUI 0.627(0.578-0.677) 0.635(0.581-0.689) 
Spine BMD by DXA 0.641(0.592-0.690) 0.653(0.599-0.708) 
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Figure 5a Rate of non-spine fracture predicted by measurement of QUI,hip BMD and 
spine BMD.Total number of fracture is 133. 
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5.4 Discussions 
Calcaneal QUS is a portable, radiation free and cheaper device to measure bone 
health status (Hung et aL 2004, Yung et al. 2005). Studies of QUS and its value in 
prediction of fracture were mainly conducted in older Caucasian women，with few on 
men showing that parameters of QUS was able to predict fracture as well as axial 
DXA (Hans et al, 1996; Bauer et aL, 1997; Huopio et al., 2004; Nguyen et al., 2004; 
Bauer et al., 2007). The objective of the present study is to study association of QUS 
parameters and fracture in Asian elderly men and determine whether its capability is 
comparable to that of axial DXA. It was shown that QUI derived from QUS 
measurement parameters and body weight are clinical risk factor to select those who 
have high osteoporosis risk to receive DXA scan reported in the cross sectional study 
of this cohort (Lynn et al, 2005). In a cross-sectional elderly men study (Gonnelli et 
al., 2005), heel and finger QUS was compared to test their capability of predicting 
fractures and data showed that heel QUS parameters were the better ones to 
determine those at high risk of osteoporotic fracture. The same group further 
compared hip DXA with heel QUS and found that the ability to predict fracture of 
the two devices was comparable. This might form the foundation for the 
International Society for Clinical Densitometry (ISCD) Official Positions to state that 
heel was the only validated skeletal site for fracture risk prediction (Krieg et al., 
2008). 
The QUS and axial DXA measurement values in the present study were 
approximately 10% lower compared with the US elderly men study (Bauer et al., 
2007). This might be attributed to the average lower BMI of this cohort, i.e. 23kg/m^ 
as compared with 27kg/m^of the US elderly men cohort. This was consistent with the 
study by Lim et al. (2005) which showed that the normative values of BUA of both 
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male and female Southeast Asians were lower than Caucasians and especially in 
male, the difference of BUA values between Southeast Asians and Caucasians was 
larger with increasing age. BUA, QUI and axial BMD were significantly lower in 
those who suffered fracture however SOS did not show significant difference. This 
indicated that SOS was less sensitive in discriminating fracture as compared with 
BUA and QUI as the measurement of SOS is influenced by the thickness and surface 
area of the transverse cortical slice (Laugier, 2006). In this study, SOS was only 
moderately correlated with BUA (r=0.41) and QUI (r=0.49) while QUI and BUA 
were highly correlated (r=0.92). Such high correlation was also found for all QUS 
parameters (r=0.91-0.99) in the US cohort (Bauer et aL, 2007) where the same QUS 
brand Sahara Hologic machine was used. The correlations of QUI and BUA with 
axial DXA parameters were comparable to that reported in the US study (0.38-0.43 
Vs 0.38-0.44). BUA, QUI, and BMD could predict non-vertebral fracture and 
non-vertebral fragility fracture in elderly Chinese Men as found in the present study. 
The US cohort demonstrates that all QUS and DXA parameters having the same 
hazard ratio of 1.6 per SD reduction for non-vertebral fracture (Bauer et al., 2007). 
The non-vertebral fracture odd ratio of QUS parameters shown in the present cohort 
study was lower than DXA parameters. The differences observed between Caucasian 
elderly men in USA and Hong Kong Chinese men in this study may be explained by 
potential differences in bone structural, body size and lifestyle factors (Lauderale et 
aL, 2003; Pye et al., 2010) and the longer duration of follow-up in the present cohort 
study. In a study of older Chinese immigrants in USA, the researchers suggested that 
birthplace and race influenced skeletal health (Lauderale et al., 2003). In a most 
recent study of QUS across Europe, QUS parameters are also shown to be affected 
by lifestyle factors and different locations (Pye et aL, 2010). 
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Of the 3 QUS parameters in the present study, QUI was the one most associated with 
non-vertebral fracture. The prediction of non-vertebral fracture was slightly better found for axial 
DXA parameters (spine BMD and hip BMD) than QUI but not of statistical difference. Prediction 
of non-spine fracture using axial skeletal site e.g. spine and hip may be more 
accurate than using peripheral bone (Cummings et al., 1993). However, if both hip 
BMD and QUI were combined, it did not improve the accuracy of prediction 
non-fracture much i.e. AUG (95% CI) =0.653(0.603-0.703). AUG acquired by all 
bone parameters of this cohort was generally lower than that of the US cohort. The 
area under the ROC curves does not exceed 0.75 for all bone parameters as fracture 
is not solely affected by bone mass or bone quality, fall is also an important aspect to 
fracture. 
In the multi-center and large-scaled prospective cohort study in elderly men in 
USA, as assessed by a same QUS device as the present study used showed that QUS 
parameters predicted hip fracture and non-vertebral fracture as well as that of hip 
BMD. The combination of QUS and BMD were not better than either of the 
parameters alone (Bauer et al., 2007). In a elderly women prospective studies using 
the same device studying association of QUS parameters and non-spine fracture with 
average of 3 years follow-up, the hazard ratio (95% CI) was from 1.3 (1.2-1.5) per 
SD reduction and acquired AUG of 0.67(Diez-Perez et al., 2007). 
There were some other cohorts that examine association of QUS parameters and 
fracture using other QUS brand. In a large cohort study of men using CUBA QUS, 
the researchers showed that BUA per SD reduction was associated with RH 1.9 
(1.2-2.9) risk of non-spine fracture (Khaw et al, 2004). The long term prediction of 
QUS parameters of CUBA QUS in the same cohort was also comparable with DXA 
parameters (Moayyeri et al., 2009). A prospective study of Japanese men using 
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Archilles GE-Lunar device showed that the HR of per SD reduction of QUS 
parameters was comparable with the Caucasians with HR(95% CI) of 
1.54(1.39-1.69), 1.53(1.37-1.70) and 1.80(1.62-1.98) for SOS, BUA and Stiffness 
Index, respectively, however BMD was not examined in that study (Fujiwara et al., 
2005). 
The US elderly men cohort showed that per SD reduction of QUS parameters 
was associated with higher risk in hip fracture e.g. for BUA HR(95% CI) 2.0(1.5-2.8) 
than non-vertebral fracture e.g. for BUA HR(95% CI) 1.6(1.4-1.8)and the AUG 
acquired is also larger(0.84 vs 0.68) (Bauer et al., 2007). The present study did not 
evaluate the association of hip fracture alone and QUS parameters. 
This study shows that the ability of predicting non-spine fracture using QUS is 
comparable to that DXA. Hence, a portable and cheaper radiation-free device like 
QUS may benefit more elderly for cost-effective prediction of future fracture and/or 
fracture risks. However, there were few limitations in the present study, including 
insufficient number of hip fracture incidence for studying the association of QUS and 
only hip fracture and not examining the associations of QUS and vertebral fracture. 
In addition, the findings obtained in this study might not tell if such association was 
better in elderly female population as females are more affected by osteoporosis and 
fragility fractures although the conclusion might be similar. The present study only 
examined the association of bone parameters and non-vertebral fracture risk. Further 
analysis on the optimal cutoff value of QUI to predict fractures is required. The use 
of T scores as in BMD estimated by DXA may not be applicable to all bone 
measurements (Faulkner et al., 1999). 
In conclusion, BUA and QUI of QUS could discriminate those with non-spine 
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fracture or without non-spine fracture in Chinese elderly men. The relative risk (95% 
CI) of non-spine fracture per SD reduction of QUI, spine BMD and hip BMD was 
1.33(1.20-1.60), 1.37(1.13-1.65) and 1.52(1.26-1.84) in elderly men, respectively. 
The ability of QUI derived from QUS measurement parameters and axial DXA was 
comparable in prediction of non-spine fracture and non-spine fragility fracture. 
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5.5 Conclusion 
In conclusion, BUA and QUI could discriminate those with fracture and those 
without fracture in Chinese elderly men. The odd ratio (95% CI) of non-spine 
fracture per SD reduction of QUI, spine and hip BMD is 1.33(1.20-1.60), 
1.37(1.13-1.65) and 1.52(1.26-1.84) in Asian elderly men, respectively. The ability 
of predicting non-spine fracture of QUI and axial DXA parameters were comparable. 
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5.6 Key Points 
1. BUA and QUI of heel QUS could discriminate those with fracture and without 
fracture in Chinese elderly men. 
2. The odd ratio (95% CI) of non-spine fracture per SD reduction of QUI, spine and 
hip BMD is 1.33(1.20-1.60), 1.37(1.13-1.65) and 1.52(1.26-1.84) in Asian elderly 
men, respectively. 
3. The predictive value of heel QUI and axial DXA for non-spine fracture was 
comparable. 
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Chapter 6 Predictive values of pQCT for non-spine fracture. 
6.1 Introduction 
With the urbanization and the large population of elderly at Asia, osteoporosis is 
a major public health issue in Asia. In 2050, hip fracture in men is projected to be 
1.79 million and more than half occurring in Asia (Cooper et al., 1992). Dual energy 
X-ray absorptiometry (DXA) measuring areal bone mineral density (BMD) is 
currently the ‘gold standard' to diagnose osteoporosis. However, DXA is not widely 
available at Asia, most countries have less than 0.01 per 10000 population and it is 
0.005 per 10000 population in China which is much lower than 0.11 per 10000 in 
Europe. Besides, the cost of a DXA scan is expensive ranging from 10 to 130 USD 
which is a burden for lower income countries (Mithal et aL, 2009). 
By identifying those at high risk of fracture and start prevention are important to 
prevent fracture. Other than DXA, other peripheral bone health measurement devices 
such as peripheral quantitative computed tomography (pQCT) are available. pQCT 
measures volumetric BMD at the peripheral bones such as radius and tibia and 
provides information of cortical bone and trabecular bone separately. Case-control 
studies of women show that pQCT parameters are able to discriminate those with 
fracture and those without fracture (Augat et al., 1998; Clowes et al., 2005). The 
advantages of pQCT are lower cost, lower radiation and separately measure the 
cortical bone and trabecular bone parameters as compare to DXA. 
Trabecular bone is more metabolically active than cortical bone. In a 
longitudinal study, trabecular dominated bone loss is shown to be associated with 
estrogen while cortical dominated bone loss is less affected by estrogen (Ito et al., 
1999). Both central bones and peripheral bones show substantial loss of trabecular 
BMD over life and may be crucial in increasing porosity in the elderly (Riggs et al., 
2004). Some metabolic bone disease affects mainly cortical bone alone or mainly 
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trabecular bone alone while some affect both (Tsurusaki et al.，2000). Using pQCT to 
measure cortical bone and trabecular bone may provide additional information on 
fracture risk and treatment. 
However, the association of pQCT and non-spine fracture and the accuracy of 
prediction of fracture by pQCT parameters are not well studied. Most studies are 
case-control studies in Caucasians women. The 2007 ISCD Official Positions of 
clinical use of pQCT states that pQCT total and trabecular BMD at forarm predicts 
hip fragility fractures in postmenopausal women but there is insufficient evidence in 
men (Engelke et al., 2008). This is the first large cohort to examine the association of 
pQCT parameters and non-spine fracture and determine which measurement site is 
better to predict non-spine fracture in Chinese elderly men prospectively. 
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6.2 Subjects and Methods 
1720 subjects in the Mr Os study did pQCT and DXA scan on the first 
follow-up visit between August, 2003 and March, 2005 at the research center. pQCT 
were assessed at tibia and radius at 4% (ultradistal) and 33%(shaft) respectively 
using Bone computerized tomography system (pQCT XCT 3000) (Norland Medical 
Systems, Inc, Pforzheim, Germany). Volumetric BMD and bone area of total, 
cortical and trabecular were measured. The coefficient of variation for the pQCT 
measurements for radius at 4% trabecular density is 2.49%, for tibia at 4% was 
trabecular density 0.89%, for radius at 33% cortical density is 0.53%, for tibia at 
33% cortical density 0.43%. 
DXA scan was performed at the hip using Hologic QDR 4500 W bone 
densitometers (Hologic, Waltham, MA, USA) to measure hip BMD. The coefficient 
of variation (in vivo) in our laboratory was 0.7% at the total hip. 
All fracture diagnoses were based on history and X-ray. Subjects were enquired 
about the incidence of new fractures at each follow-up visit either by face to face 
interview or on telephone. When a fracture was reported, the fracture diagnosis was 
checked from the clinical management system (CMS) computerized database of the 
Hospital Authority (HA). In those who could not be contacted by telephone or 
refused to participate in telephone follow-up, the incidence of fracture was looked 
for by the CMS. In case any major fracture was missed, fractures were ascertained 
from the lists of HA discharge diagnoses in all subjects. A final review of medical 
records in the CMS was done between October, 2009 and November 2009. All 
fractures reported at any stage but could not be substantiated by HA information 
system or arranged X ray were excluded from analysis for fracture status. In this 
study, only non-spine fracture after first follow-up was included. Vertebral fractures 
were excluded in the analysis because vertebral fractures may be asymptomatic and 
101 
missed by self report and medical records (Lindsay et al., 2001). 
Correlation of hip BMD and pQCT parameters were determined using Pearson 
correlation. Logistic regression was used to determine the association of fracture and 
pQCT bone parameters and hip BMD unadjusted and adjusted with age. Area under 
the curve of both pQCT and DXA bone parameters were drawn and compared 
(Hanley et al., 1983). The parameters of bone area was divided by body height to 
eliminate the effect of bone size however the difference between those divided by 
body height and those parameters unadjusted there were not much difference. 
Therefore only unadjusted bone area parameters were shown in this study. 
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6.3 Results 
A total of 86 non-spine fractures were recorded since the first follow-up with an 
average follow-up period of 4.6士 1.4 years. Of all, 73 were fragility non-spine 
fracture. The mean (SD) age of the participants was 72.4(5) years with average BMI 
of 23.4(3.1). Table 6a shows the correlation of radius pQCT parameters and BMD. 
Radius 4% total, cortical and trabecular BMD were less correlated with DXA hip 
BMD(r二0.39-0.43). Radius 33% cortical BMD was weakly correlated with DXA hip 
BMD(r=0.16). Distal and shaft BMD of Radius were weakly correlated 
(r=0.11 -0.23).Trabecular area at radius 4% was highly correlated with total area at 
the same site. Hip BMD was moderately correlated with radius 4% cortical area. Hip 
BMD and radius 4% total area was not correlated. 
Table 6b shows the correlation of tibia pQCT parameters and BMD. pQCT tibia 
4% total, cortical and trabecular BMD were moderately correlated with DXA hip 
BMD (产-••44-0.52). Whilst cortical BMD at tibia 33% were weakly correlated with 
DXA hip BMD(r=0.20). Total BMD and cortical BMD at tibia 4% were highly 
correlated (产0.81). BMD of tibia 4% and tibia 33% are weakly correlated 
(r=0.17-0.26).Trabecular bone area and tibia bone area was highly 
correlated(r=0.97). Tibia cortical area was moderately correlated with hip 
BMD(r=0.52-0.58). Tibia 33% cortical BMD and cortical area was not correlated. 
Table 6c shows the association of pQCT and DXA parameters with non-spine 
fracture. Of 1720 subjects who did pQCT, 86(5%) non-spine fractures occurred. At 
tibia 4% adjusted with age, cortical bone area, cortical bone density and trabecular 
bone density were significantly associated with non-spine fracture. None of the 
parameters at shaft of tibia and radius was associated with non-spine fracture. At 
radius 4% adjusted with age, cortical bone density was associated with non-spine 
fracture. After adjusted with age and hip BMD, none of the parameters ofpQCT was 
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associated with fracture therefore the results were not shown in the table. 
Table 6d shows the association of pQCT and DXA parameters with fragility 
non-spine fracture. Cortical bone area, total bone density，cortical bone density and 
trabecular bone density adjusted with age at tibia 4% were significantly associated 
with fragility non-spine fracture. Only trabecular bone density adjusted with age at 
radius 4% was significantly associated with fragility non-spine fracture. None of the 
parameters of the bone shafts was associated with fracture. After adjusted with age 
and hip BMD, none of the pQCT parameters was associated with all fragility 
non-spine fracture therefore the results were not shown in the table. 
Table 6e shows AUC of bone parameters associated with all non-spine fracture. 
DXA hip BMD had the highest AUC compare with other parameters of pQCT. 
However the difference between AUC of other pQCT parameters was not of 
statistical significant. Among pQCT parameters, trabecular BMD at distal tibia had 
the highest AUC. 
Table 6f shows AUC of bone parameters associated with fragility non-spine 
fracture. DXA hip BMD had the highest AUC compared with other parameters of 
pQCT. However the difference between AUC of other pQCT parameters was not of 
statistical significant. Among pQCT parameters, trabecular BMD at distal radius had 
the highest AUC 
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Table 6a Correlation of radius pQCT parameters and DXA hip BMD 
Radius 4% Radius 33% 
Total Area Cortical Trabecular Total Cortical Trabecular Cortical Cortical Hip 
Area Area BMD BMD BMD Area BMD BMD 
Radius 4% 
Total Area - 0.23 0.95 -0.55 -0.51 -0.25 0.29 -0.10 -0.04* 
Cortical Area 0.23 - -0.08 0.51 0.41 0.34 0.54 0.13 0.45 
Trabecular Area 0.95 -0.08 - -0.73 -0.65 -0.36 0.13 -0.14 -0.18 
Total BMD -0.55 0.51 -0.73 - 0.82 0.62 0.29 0.19 0.43 
Cortical BMD -0.51 0.41 -0.65 0.82 - 0.29 0.40 0.23 0.39 
Trabecular BMD -0.25 0.34 -0.36 0.62 0.29 - 0.20 0.11 0.41 
Radius 3 3 % 
Cortical Area 0.29 0.54 0.13 0.29 0.40 0.20 - 0.44 0.47 
Cortical BMD -0.10 0.13 -0.14 0.19 0.23 0.11 0.44 - 0.16 
Hip BMD -0.04 * 0.45 -0.18 0.43 0.39 0.41 0.47 0.16 -
All P<0.01 except *Not significant P>0.01 
Table 6b Correlation of tibia pQCT parameters and DXA hip BMD 
Tibia 4% Tibia 33% 
Total Cortical Trabecular Total Cortical Trabecular Cortical Cortical Hip BMD 
Area Area Area BMD BMD BMD Area BMD 
Tibia 4% 
Total Area - -0.25 0.97 -0.62 -0.57 -0.22 0.23 -0.20 -0.08 
Cortical Area -0.25 - -0.49 0.65 0.46 0.47 0.47 0.14 0.58 
Trabecular Area 0.97 -0.49 - -0.73 -0.64 -0.32 0.08 -0.22 -0.23 
Total BMD -0.62 0.65 -0.73 - 0.81 0.39 0.28 0.17 0.44 
Cortical BMD -0.57 0.46 -0.64 0.81 - 0.21 0.26 0.26 0.44 
Trabecular BMD -0.22 0.47 -0.32 0.39 0.21 - 0.30 0.18 0.52 
Tibia 33% 
Cortical Area 0.23 0.47 0.08 0.28 0.26 0.30 - -0.05 0.52 
Cortical BMD -0.20 0.14 -0.22 0.17 0.26 0.18 -0.05* - 0.20 
Hip BMD -0.08 0.58 -0.23 0.44 0.44 0.52 0.52 0.20 -
All P<0.01 except *Not significant P>0.01. 
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Table 6c. Associations of pQCT and DXA parameters with non-spine fracture. 
Mean士SD Unadjusted odd Adjusted with 




Total Bone Area 1160.3士 161.4 0.89(0.71-1.11) 0.92(0.74-1.14) 
Cortical Bone Area 167.1 士48.4 1.43(1.09-1.88)* 1.38(1.06-1.81)* 
Trabecular Bone Area 993.1土 179.5 0.83(0.66-1.04) 0.86(0.68-1.08) 
Total Bone Density 269.6±71.2 1.49(1.04-2.13)* 1.38(0.97-1.95) 
Cortical Bone Density 572.9土81.8 1.39(1.08-1.78)* 1.30(1.01-1.66)* 
Trabecular Bone Density 211.7±34.8 1.42(1.14-1.77)* 1.37(1.10-1.72)* 
Tibia 33%(Proximal) 
Cortical Bone Area 262.9±34.4 1.16(0.93-1.44) 1.10(0.89-1.38) 
Cortical Bone Density 1165.0±28.9 1.09(0.88-1.35) 1.08(0.87-1.33) 
Radius 4%(DistaI) 
Total Bone Area 342.5士 54.2 0.90(0.73-1.12) 0.92(0.75-1.15) 
Cortical Bone Area 92.7士 16.8 1.17(0.93-1.46) 1.13(0.90-1.42) 
Trabecular Bone Area 249.8士 52.9 0.86(0.69-1.07) 0.89(0.71-1.10) 
Total Bone Density 321.5士 73.0 1.20(0.93-1.55) 1.13(0.88=1.59) 
Cortical Bone Density 640.0士 90.4 1.36(1.09-1.69)* 1.28(1.02-1.59)* 
Trabecular Bone Density 195.2士 40.5 1.13(0.87-1.48) 1.08(0.84-1.39) 
Radius 33%(Proximal) 
Cortical Bone Area 82.0士 12.4 1.22(1.00-1.49) 1 •17(0.95-1.44) 
Cortical Bone Density 1174.0士66.2 1.04(0.88-1.23) 1.03(0.86-1.25) 
Hip BMD by DXA 0 M ± 0.13 1.54(1.23-1.93)* 1.46(1.17-1.83)* 
*P<0.05 “ 
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Table 6d Association of pQCT and DXA BMD parameters with fragility non-spine 
fracture. 
Mean士SD Unadjusted odd Adjusted with 





Total Bone Area 1160.3士 161.4 0.85(0.66-1.08) 0.88(0.69-1.12) 
Cortical Bone Area 167.1±48.4 1.48(1.10-1.99)* 1.42(1.05-1.90)* 
Trabecular Bone Area 993.1±179.5 0.78(0.61-1.01) 0.82(0.67-1.05) 
Total Bone Density 269.6士71.2 1.91(1.27-2.86)* 1.72(1.15-2.59)* 
Cortical Bone Density 572.9士81.8 1.52(1.17-1.99)* 1.41(1.08-1.84)* 
Trabecular Bone Density 211.7士34.8 1.34(1.05-1.70)* 1.28(1.00-1.64)* 
Tibia 33%(Proximal) 
Cortical Bone Area 262.9±34.4 1.17(0.93-1.49) 1.11(0.88-1.41) 
Cortical Bone Density 1165.0士28.9 0.99(0.79-1.26) 0.98(0.78-1.24) 
Radius 4%(Distal) 
Total Bone Area 342.5士 54.2 0.94(0.74-1.19) 0.96(0.76-1.22) 
Cortical Bone Area 92.7士 16.8 1.17(0.92-1.50) 1.13(0.88-1.44) 
Trabecular Bone Area 249,8士 52.9 0.89(0.71-1.13) 0.93(0.73-1.17) 
Total Bone Density 321.5士 73.0 1.33(1.00-1.78) 1.23(0.92-1.64) 
Cortical Bone Density 640.0± 90.4 1.35(1.07-1.71)* 1.25(0.98-1.59) 
Trabecular Bone Density 195.2士 40.5 1.69(1.24-2.31)* 1.58(1.16-2.16)* 
Radius 33%(Proximal) 
Cortical Bone Area 82.0士 12.4 1.26(1.02-1.56)* 1.20(0.97-1.50) 
Cortical Bone Density 1174.0±66.2 1.02(0.83-1.25) 1.01(0.80-1.28) 
Hip BMD by DXA 0.86士 0.13 1.60(1.25-2.03)* 1.50(1.17-1.91)* 
*P<0.05 
107 
Table 6e AUC of parameters associated with all non-spine fracture. 
u . H Area Under the 
Variables 
Curve(95% CI) 
Hip BMD 0.65(0.59-0.71) 
Radius 4% Cortical BMD 0.62(0.56-0.69) 
Tibia 4% Cortial Area 0.62 (0.56-0.68) 
Tibia 4% Cortical BMD 0.62(0.55-0.68) 
Tibia 4% Trabecular BMD 0.63(0.57-0.69) 
Table 6f AUC of parameters associated with all fragility non-spine fracture. 
Variables Area Under the 
Curve(95% CI) 
Hip BMD 0.67(0.60-0.73) 
Radius 4% Trabecular BMD 0.65(0.58-0.71) 
Tibia 4% Cortical Area 0.63(0.57-0.70) 
Tibia 4% Total BMD 0.64(0.57-0.70) 
Tibia 4% Trabecular BMD 0.63(0.56-0.69) 
Tibia 4% Cortical BMD 0.64(0.57-0.70) 
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6.4Discussion 
In Asia where DXA machine is not widely available there is a need to examine 
other radiological device to examine bone health status. This study was the first 
large Chinese men prospective study to examine the association of non-spine 
fracture and pQCT parameters, to determine which measurement site and bone 
parameter predict fracture better and whether pQCT measurement is better than 
DXA. The precision of DXA hip and pQCT forearm are comparable both with CV 
of 1-2% (Blake & Fogelman, 2001). However, the radiation dose is lesser in pQCT 
with only 0.1|iSv compare with 1-10 jaSv in DXA. 
Correlation of trabecular BMD and hip BMD in this study was consistent with 
the case-control women studies of Augat et al. (1998) and Formica et al. (1998). 
Among parameters of pQCT, parameters at distal part of the bone which was 
made up of mainly trabecular bone were more associated with non-spine fracture 
which was consistent with Augat et al. (1998) and Clowes et al. (2005). Bone loss is 
observed most at trabecular follow by integral and cortical in a cross sectional study 
of Asian women (Qin et al., 2000). It is also shown that trabecular bone loss started 
in the fourth decade of life. 
In this study, parameters at tibia were more associated with non-spine fracture. 
These suggest that tibia was a better measurement site than forearm. Lower leg bone 
is influenced by both hormonal changes and mechanical loading whilst radius is 
mostly affected by hormonal changes. 
Bone tissue, size and shape are accounted for the strength and rigidity of the 
bone (Ruff et aL, 1988). It is suggested that during bone remodeling periosteal 
apposition increased with outward cortical displacement contributes to the 
maintenance of bone strength in mechanical loading bone. This study shows that 
cortical area at distal tibia was associated with fracture. The association of smaller 
109 
cortical bone area with higher risk of non-spine fracture at the distal part of tibia 
showed that the preservation of larger cortical bone area may limit the 
trabecularization at the distal part of tibia. With the preservation of cortical area at 
mainly trabecular bone sites，bone strength and rigidity may be sustained. 
Yuen et al. (2009) showed that with ageing, greater endocortical resorption and 
periosteal apposition is observed in tibia and indicators of bone strength of tibia only 
underwent minimal changes. In Chinese elderly men, trabecularization and 
increased bone size is greater in tibia than in radius to preserve bone strength and 
bone rigidity to adapt for bone loss. This is due to weight-bearing effect and larger 
bone area of tibia than radius. 
Previous studies show inconsistent results of association of bone strength and 
fracture. Schneider et al. (2001) study which examine pQCT parameters in women 
who had Colles fracture and those who did not and show that bone mass parameters 
are better than bone strength indicators eg. CSML However, Nijs et al. (1998) 
examine the effect of pQCT parameters to discriminate those with spine fracture and 
normal group in a case-control study and show that in proximal radius SSI is 
associated with spine fracture and is comparable to using trabecular BMD at the 
ultradistal site to separate those with and without fracture. 
This study did not examine the association of bone strength and non-spine 
fracture as previous studies show that moment of inertia is stable in men during 
ageing(Russo et al., 2003) and bone strength parameters is not better than bone mass 
to differentiate non-spine fracture in women case-control study (Schneider et al., 
2001). Increase of total bone area and no changes observe in moment of inertia in 
men during ageing suggested that the decrease of bone density is compensated by 
increase of bone area to maintain bone strength (Russo et aL, 2003). 
Although parameters of pQCT were associated with non-spine fracture, the 
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association was dependent of hip BMD which was inconsistent with Somay-Rendu 
et al. (2007) study. The researchers show that total bone volumetric, trabecular 
volumetric, cortical thickness and trabecular thickness at distal tibia is still 
significantly different between fracture and control groups after adjusted for hip 
BMD using HR-pQCT. 
AUC of the pQCT parameters were lower than DXA hip BMD which was 
consistent with Augat et al.(1998), Formica et al.(1998) and Clowes et aL(2005). 
Clowes et al. show that AUC of DXA BMD is significantly higher than pQCT 
parameters .However, pQCT parameters and DXA BMD was comparable to 
differentiate those with and without fracture in Augat et al. (1998) and this study. 
Among pQCT parameters, ultradistal trabecular BMD had the highest AUC which 
was consistent with Augat et al. (1998). 
This prospective study showed that association of tibia pQCT parameters with 
non-spine fracture was stronger than radius pQCT parameters suggest that 
assessment of pQCT should be performed at tibia. Furthermore, the association of 
non-spine fracture with distal part of the appendicular bone which contains mostly 
trabecular bone was better than proximal part of appendicular bone in pQCT 
measurements. The accuracy of prediction of non-spine fracture using pQCT was 
comparable to DXA hip BMD in this study. Besides bone density, bone area was 
also predictive of non-spine fracture in Chinese elderly men. 
I l l 
6.5 Conclusion 
The pQCT parameters at the distal part of the bone were better than proximal 
part of the bone predictors of non-spine fracture. Trabecular BMD of pQCT 
predicted non-spine fracture in Chinese elderly men and was comparable with hip 
BMD but not independent of hip BMD. Measurement site of pQCT was more 
preferable at tibia than at radius. Preservation of cortical bone area in bone which 
contains higher percentages of trabecular bone was important to maintain bone 
health. 
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6.6 Key Points 
1. Measurement site of pQCT was more preferable at distal part of tibia. 
2. Trabecular BMD of pQCT at the distal tibia predicted non-spine fracture in 
Chinese elderly men and was comparable with hip BMD but not independent 
of hip BMD. 
3. Preservation of cortical bone area in bone which contains higher percentages 
of trabecular bone was important to maintain bone health. 
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Chapter 7 Accuracy of self-report of fracture in Asian elderly men. 
7.1 Introduction 
Most epidemiological studies relied on self-reports. The outcome of this Asian 
elderly men prospective study was fracture. We relied on participants to report 
fracture incident. Overestimating and underestimating of fracture affects the results 
of the study. The accuracy of self-report fracture in several prospective studies was 
studied to examine the reliability of self-report by the participants (Ismail et al., 2000; 
Ivers et al., 2002b; Chen et al., 2004; Siggeirsdottir et aL, 2007). Accuracy of 
self-report is influenced by a lot of aspects including age, gender, fracture sites, 
duration since fracture, educational level etc. Most study examines the accuracy of 
report in women. In a study of examining accuracy of report in men and women, the 
researchers find that false positive in men are greater then women (Ismail et aL, 
2000). Hence, there is a need to examine the accuracy of self-report of the Asian 
elderly men. 
114 
7.2Subjects and Methods 
To examine the accuracy of self-report in this study, 368 of 2000 participants 
who did not miss any of the follow-up (two visit follow-up and all follow-up phone 
call) and did not report fracture from baseline t i l l year 4 follow-up were selected. A 
review on the medical records in Clinical Management System(CMS) of Hospital 
Authority(HA) of Hong Kong was done to examine whether self-report of fracture 
are reliable in elderly Chinese men. There are 41 hospitals and institutions and 122 
out-patient clinics under management of HA. HA manages 94% of all Hong Kong 
patients. False negative is defined as those who had fracture and did not report 
fracture during follow-up. Several fracture incidents were found in those who did 
not miss any of the phone and visit follow-up. To further investigate, all subjects 
who came back for both follow-up visit were selected and a review of medical 
record using Clinical Management System of HA was done. There are 58 confirmed 
fracture incidents between the baseline visit t i l l follow-up visit from those who 
attended both follow-up visits. A comparison of those who confirmed fracture but 
did not report fracture at both follow-up visit was done. 
To examine the false positive of self-report in this study, 49 subjects who 
reported fracture during follow-up (from baseline t i l l year 4) were selected. False 
positive was defined as those who self report to sustain fracture during follow-up but 
could not be confirmed with medical record or x-ray. False positive of subjects who 
report fracture between baseline visit and follow-up were examined. 
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7.3 Results 
To study false negative of the cohort, 368 participants who were available on 
every phone call and visit follow-up t i l l Year 4 and did not report fracture, there 
were three fracture incidents not reported which is 5% of all non-spine fracture 
incident (58 fractures incident) between baseline and follow-up visit. One had 
fracture at the fingers and two had fracture at the ribs. 
In the subsequent analysis of all subjects who came back for both follow-up 
visit, there were 58 confirmed fracture incidents reported between the baseline visit 
t i l l 2nd follow-up visit. Table 7a shows the false negative of self report fracture sites. 
Among those who sustained fracture before their follow-up visit and attended 
both follow-up visits, there were a total of 58 confirmed fracture incidents. However, 
only 41 fractures reported fracture and stated fracture site correctly. One of the 
fracture reported wrong fracture site (self report hip but actual site is upper arm). 
16(27.6%) fracture incident were not reported during follow-up. Of the all 58 
incidents, 53 could be found in CMS. Only 5(8.6%) of the fracture incidents could 
not be found in CMS, the participants seek medical treatment at private hospital or 
bone setter and one did not know he had fracture until abnormalities seen during 
DXA scan at the research clinic. 
Table 7b shows the false positive of self report fracture and their sites. A total 
of 49 subjects reported fracture during visit or phone follow-up from baseline t i l l 
follow-up (Year 4). However of the 49 self report fracture, seven fracture incidents 
were prove to be negative. One fracture reported wrong fracture site (Self report hip 
but actual site is upper arm). The overall false positive rate was 16%. 
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Table 7a False negative of self report fracture and their sites 
_ . False 
Fracture site Report No report Total 
negative 
Hip 6 1 7 14.30/0 
Wrist 5 15 33.3% 
Ribs 4 n 36.4% 
Upper Arm 4 1 5 20.0% 
Others 6 21 28.6% 
Total 42 17 59 28.8% 
*Total fracture incident is 58.1 fracture incident had 2 fracture site (hip and upper 
arm). For the subject who report wrong site, upper arm fracture is considered to be 
no report. 
Table 7b False positive of self report fracture and their sites 
Self reported fracture site during No False 
Fracture Total 
follow-up fracture positive 
Hip 6 1 7 14.3% 
Wrist 1 11 9.1% 
Ribs 7 2 9 22.2% 
Upper Arm 4 0 4 0 
Others 4 19 21% 
Total ^ 8 50 16% 
* Total reported fracture incident is 48.1 fracture incident had 2 fracture site (hip and 
upper arm) .1 subject who report fracture site of hip but actual site is arm. In this 
analysis, hip fracture is considered false positive. 
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7.4 Discussions 
The reliability of self report disease in Asian is not well studied. In this study, 
the false positive and false negative of self report of fracture was 16% and 28.8% 
respectively. The false negative of fracture in this cohort was quite high. False 
negative rate was highest in the ribs with 36.4% followed by wrist (33.3%), other 
sites (28.6%) and hip fracture (14.3%). There was no false positive report of upper 
arm fracture in this study indicating no over-reporting of upper arm fracture in this 
study. The false positive rate of wrist fracture and hip fracture with 9.1% and 14.3% 
were observed respectively. The false positive rate of wrist fracture was comparable 
with the SOF elderly women cohort (Nevitt et aL, 1992). Among all fracture site, 
ribs fracture had the highest false positive rate, 22.2%. 
The false positive rate of other studies ranged from 10%-18% in women and 
men(Nevitt et al”1992; Ismail et al”2000; Joakimsen et a l , 2001，Ivers et aL,2002b). 
In the SOF cohort studying fracture in 9704 elderly Caucasian women with 
follow-up period of 2.5 years, the false positive rate of all, hip, wrist and humerus 
fracture is 13%, 11%, 8% and 5% respectively (Nevitt et aL,1992). The researchers 
show that the accuracy is increased in those who acquired higher education level. On 
the other hand, for those who reported history of fall the accuracy of self-report 
decreased. 
In the Leisure world study, Paganini et al. shows that the false positive report of 
hip fracture increased with the duration of follow-up (Paganini-Hill & Chao, 1993). 
In a cohort of premenopausal women follow-uped for an average duration of 10 
years, the all fracture false positive rate is 16% however only 1 hip fracture is 
reported (Honkanen et al., 1999). Ismail et al. (2000) demonstrated that the false 
positive rate of men is significantly higher than women with 15% and 9% 
respectively. In a cohort study of subjects with mean age of 66.2 years follow-up for 
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10 years, the false positive rate is higher in men than in women however the 
difference is not of statistical difference (Ivers et a l , 2002b). The researchers also 
show that the false positive rate at hip, wrist and shoulder respectively is 4.8%, 2.2% 
and 6.7% respectively. In a multiethnic cohort of postmenopausal women follow-up 
for an average of 4.3 years, being black, living in the south, obese, having history of 
osteoporosis or fracture, having history of falls, poor health status and depressed are 
more likely to decreased the accuracy of self report(Chen et al.,2004). False positive 
is associated with younger age in women according to a study of women and men 
with mean age 76 years. 
The researchers in the SOF study randomly selected those who did not report 
fracture during follow-up and review their medical records and no false negative 
report was found.In a prospective study of men and women in Europe, the 
researchers find that accuracy in women is higher than in men (Ismail et al., 2000). 
The false negative in men is greater than women 14% vs 4% respectively. The study 
also shows that false negative in minor fracture sites to be higher than major fracture 
sites (eg. hip and distal forearm). 
Siggeirsdottir et al. (2007) examine the effect of wrongful self-report associated 
with fracture and health issues in old age. The researchers determine the difference 
of the consequences (function and HQOL) of fracture and compared the results of 
identifying fracture by self-report and fracture registry. The researchers show that the 
effect was slightly minimize when using the self-report results compared to the 
fracture registry result on hip fracture but not wrist and spine fracture. Furthermore, 
they show that the results when using self-report hip fracture compared with the 
actual hip fracture, even after adjusted for other potential confounding factor the 
association of poor health status and hip fracture is still being underestimated. Hence 
they suggested that based on self-report hip fracture cases, the effect of functional 
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impaired may be diluted. 
HA manages 94% of all Hong Kong patients.Only 5(8.6%) of the fracture 
incidents could not be found in CMS, the participants seek medical treatment at 
private hospital or bone setter and one did not know he had fracture until 
abnormalities seen during DXA scan at the research clinic. Approximately less than 
10% of fractures that might be missed i f only rely on CMS. 
In view of the false positive and false negative rates of this study, a final review 
on all subject's medical report using CMS was done between October, 2009 and 
November 2009. The site of the fracture incident, degree of trauma and date of the 
incident were recorded. 
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7.5 Conclusion 
In conclusion, the false negative and false positive rate of Asian elderly men 
varied among fracture sites. Under reporting of fracture was more than over 
reporting fracture in this study. The accuracy of self-report of fracture can be 
enhanced by medical records in Asian elderly men. 
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7.6 Key Points 
1. Accuracy of report of fracture varied among fracture sites. 
2. In Asian elderly men, under reporting of fracture was more than over reporting of 
fracture. 
3. The accuracy of self-report of fracture in Asian elderly men could be improved by 
medical records. 
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Chapter 8 Conclusion 
8.1 Predictors of Non-spine Fracture of Hong Kong Elderly Chinese Men 
The incidence rate in this cohort (10.28/1000 person years) was comparable 
wi th the US MrOs cohort (11.46/1000 person years) (Lewis et al.，2007). The AOS 
study also shows that the age adjusted hip fracture rate of Hong Kong men was 96% 
of US Caucasians men (Lau et al., 2001b). Prevalence of vertebral fracture of Hong 
Kong men and US Caucasians men was also similar (Lau et aL, 1996).The 
prevalence of non-spine fracture of Chinese elderly men concurred with the 
Caucasian elderly men in the US. Those who suffered non-spine fracture were older, 
had lower quality of life, poorer neuromuscular function, underweight, had history 
of COPD, history of cataracts, history of fall and history of osteoporosis and history 
of fracture at or after age 50 years. A few clinical risk factors are associated with 
non-spine fracture in Chinese elderly men. Those who aged 80 years and above, had 
poorer depth perception, history of fall, history of fracture at or after age of 50 years, 
history of COPD, lower score of PCS-12 and underweight were risk of non-spine 
fracture in Chinese elderly men. The hazard ratio of non-spine fracture for elderly 
Chinese men was 1.54(1 •29-1.84) for ISD lower of hip BMD. 
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8.2 Predictive values of QUS for non-spine fracture 
Among QUS parameters, BUA and QUI could discriminate those with 
non-spine fracture and those without non-spine fracture in Chinese elderly men. The 
relative risk of non-spine fracture per SD reduction of QUI and hip BMD were 
1.33(1.20-1.60) and 1.52(1.26-1.84) in Asian elderly men respectively. The ability to 
predict non-spine fracture using QUI and hip BMD was comparable in Chinese 
elderly men. 
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8.3 Predictive values of pQCT for non-spine fracture 
pQCT parameters predicted non-spine fracture in Chinese elderly men and was 
comparable with hip BMD but not independent of hip BMD. Measurement site of 
pQCT was more preferable at tibia than at radius. The parameters at the distal part of 
the tibia were better predictors of non-spine fracture than the parameters of proximal 
part of the tibia. Preservation of cortical bone area in bone which contains higher 
percentages of trabecular bone was important to maintain bone health. 
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8.4 Accuracy of self-report of fracture in Asian elderly men 
The under reporting of fracture was more than over reporting of fracture in 
Asian elderly men. The accuracy of report of fracture could be enhanced with a 
review of medical records in Asian elderly men. Self report in older men has to be 
supplemented by medical records. 
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8.5 Strength and limitations 
Strength 
This was the first Asian elderly men cohort examining the risk factors of 
non-spine fracture. This large cohort examined comprehensive factors associated to 
fracture including lifestyle, medical history, medication usage, visual function, 
cognitive function and neuromuscular function in Asian elderly men. The duration 
of follow-up is longer. Validation of accuracy of fracture in Asian elderly was 
examined and a final review of medical records using CMS of HA might decrease 
the effect of underestimating fracture incident. Besides, the parameters of QUS and 
pQCT and predictions of non-spine fracture were also examined prospectively. 
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Limitations 
1) To participate in this study, subjects should be able to walk without assistance. 
Hence, those who were able to join this study were healthier. Compare with the 
data of Hong Kong elderly population, the participants had higher educational 
level, better self perceived of health status, higher percentages of people were 
married, and exercise more. The prevalence of fracture in the community might 
be higher than this study. 
2) Those who joined this study might be more outgoing, only few of the 
participants took antidepressant drugs hence the association of antidepressant 
drugs and fracture could not be examined. The studies in the West demonstrated 
that depressed mood and some antidepressant drugs were associated with 
increased risk of fracture. 
3) The relationship of maternal and paternal history of fracture and fracture were 
not determined because of lacked of information from the participants. 
4) Bone strength parameters eg. Stress Strain Index of pQCT were not studied in 
this cohort. 
5) Although a final review of medical record was done to record the fracture 
incidents of participants in this study, however some fracture incidents might 
still be missed i f the participants seek for fracture treatment in hospital or 
healthcare institutions not under management of HA Hong Kong and did not 
report fracture. 
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8.6 Implications of the results 
This study showed that those who aged 80 years and above, had poorer depth 
perception, history of fall, history of fracture at or after aged 50 years, history of 
COPD, lower score in PCS-12，underweight and low B M D were at risk of future 
non-spine fracture. The clinical risk factors of non-spine fracture identified with or 
without B M D measurements enable clinicians to identify those who are at high risk 
of non-spine fracture especially in areas where BMD measurements are not 
available. Interventions to prevent fracture for different risk factors may be 
implemented. For those who have poor depth perception function, correcting 
refractive error, advising the subjects to improve their viewing conditions and vision 
therapy may improve the depth perception of patients. For those who have history of 
fall and lower score of PCS-12, the underlying causes need to be identified and 
eliminated. Besides, hip protection may be suggested to those who have history of 
fall to prevent future fracture due to fall. For those who are underweight, they should 
be encouraged to maintain a normal BMI and suggested to use pharmacological drug 
to increase bone health. 
Of QUS parameters, QUI could provide information of bone health that 
predicted non-spine fractures in Chinese elderly men. The portable and cheaper cost 
of QUS enabled more elderly who are at higher risk of fracture to get to know about 
their bone health status and fracture risk in primary healthcare center and start 
intervention sooner. 
Measurement of pQCT at distal part of tibia provided most information of 
fracture risk hence distal tibia may be recommended to be better measurement site 
of pQCT. Interventions to preserve cortical bone area and trabecular BMD at the 
tibia may reduce fractures in elderly men. 
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8.7 Future research 
1) History of COPD is a risk factor of non-spine fracture in this cohort. However, 
the mechanism of COPD and fracture is not well known need to further be 
examined. 
2) In this study, trabecular BMD and cortical area of tibia are predictors of 
non-spine fracture. The preservation of trabecular B M D and cortical area may be 
important to prevent future fracture. Factors that are associated with these 
parameters should be determined. 
3) Using clinical risk factors and bone health parameters to predict long term 
fracture risk in Asian elderly need to be further examined. 
4) The association of bone strength parameters of pQCT and fracture need to be 
determined. 
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Appendix A Questionnaires 
代5虎• 
香港中文大學 




參 是 • 否 
以下係錯塡寫方法： 丨 ^ ~ 、 
〇 是 x 〇 否 \ / 〇 是 〇 
請將所有答案直接塡入方格內’若有特別情況可塡在橫線上0 
如：你每星工作多少天 









































5 你今年幾多歲？(以身份証爲準） I I I I 歲 
6 你出生日期係幾時？ L U L _ L J M ‘ I ‘ / 
月 / 日 / 年 
7你現在婚姻狀況係點樣呀？ 
〇 已 婚 或 同 居 0 離 婚 
〇 喪 偶 〇 單 身 ， 從 未 結 過 婚 
〇 分 居 
8 你係唔係自已一個人住或者同埋你配偶、其他家人，或者與同屋主一齊住？ 
〇 自已一個人住 〇同配偶、其他家人或同同屋主一齊住 
9 你最高學歷係程度呀？ 
〇 未 完 成 小 學 
〇 小 學 畢 業 
〇 有讀中學，但未畢業 







11 你鄉下(藉貫)是 赚省 
那 裡 呀 ？ 博 羅 潮 安 潮 陽 潮 州 澄 海 從 化 大 埔 德 慶 東 莞 恩 平 番 禺 
〇 廣 東 省 豐 順 封 開 佛 山 高 明 高 要 高 州 廣 寧 廣 州 海 豐 河 源 鶴 山 
0 虎 門 花 都 化 州 惠 東 惠 陽 惠 州 江 門 揭 東 揭 西 揭 陽 開 平 
U 雷 州 連 南 瑤 族 自 治 縣 廉 江 陸 豐 陸 河 茂 名 梅 縣 梅 州 南 海 南 
0 中國以夕 ^ 雄 普 寧 清 遠 曲 江 三 水 油 頭 油 尾 韶 關 深 圳 順 德 四 會 遂 






















(減五次後便停） （ ）（答素：93, 86 '79 '72 ‘ 65) 
或：依家我讀幾個數目俾你聽，請你倒轉頭講番出黎° 















1 . 1 年 齢 ： L J _ L J 歲 
1 . 2 性 別 ： 男 / 女 
1.3婚姻狀況： 
0 未婚 
〇 已婚 /同居 
〇 離 婚 / 分 居 
0 鰺 / 寡 
0 不知道 
1 . 4教育程度： 
Q 沒 接 受 教 育 
未完成小學 
G)小學畢業 
Q 中 學 / 預 科 畢 業 










〇 正 確 〇 不正確 
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3.(訪問者指著他們的手錶），這是什麼？ 
• 正 確 〇 不 正 確 
4.(訪問者輕拍椅子），這又是什麼？ 
• 正 確 〇 不 正 確 
5.(訪問者指著鞋子)，這個呢？[如他們把鞋子留在外面，可遷短 
襪或長襪] 
〇 正 確 〇 不 正 確 
6.(訪問者展示出他們的指甲），我們怎樣叫這些？ 
〇 正 確 〇 不 正 確 
7.(訪問者指著他們的手肘），我們怎樣叫這個？ 
• 正 確 〇 不 正 確 
8.(訪問者指著他們的肩膀），我們怎樣叫這個？ 




• 正 確 〇 不 正 確 
可以的答案:用以橫渡水處、用以往上爬等等 
10.你用鍵(仔)來做什麼？ 




• 正 確 〇 不 正 確 
可以的答案:祈求/結婚 
12.我們去什麼地方買藥呢？ 
〇 正 確 〇 不 正 確 




〇 正 確 〇 不 正 確 
14.你能記得我的名字嗎？是什麼？ 

























y � � � 
訪問者：在第一次回想中每一個正確的詞語得一分。 






〇 正 確 〇 不正確 
18.特區行政首長的名字是什麼？ 
〇 正 確 〇 不 正 確 
19.你住所附近兩條主要街道/兩座大廈的名稱是什麼？ 
或(如合適)附近一條河流的名稱是什麼？ 
〇 正 確 〇 不 正 確 
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20.那區的街市/士多在那裏？ 
〇 正 確 〇 不正確 
21.你的地址是什麼？或(如合適)誰住在你的隔鄰(隔離）？ 










O 〇 正 確 〇 X 不正確 
25.現在是星期幾呢？ 










• 正 確 〇 ^ 不正確 
Cy 
29.請首先指著窗口然後指著門口 































故事的回憶--回憶部份的總數 u 分 






糖尿病 〇 有 一 如 果 有 ， 你 而 家 有 有 因 爲 呢 〇 有 
〇 行 個情況而要蹄西醫？ 〇 有 
甲狀腺素過高，格雷夫斯〇有一”•如果有，你而家有冇因爲呢〇有 
氏病(突眼性甲狀腺病)或〇冇 個情況而要睇西醫？ 〇 有 
有過度活躍甲狀腺？ 
甲狀腺素過低或甲狀腺 〇 有二「如果有，你而家有有因爲昵 〇 有 
唔夠活躍？ 〇 有 I個情況而要蹄西醫？ 〇 有 
骨質疏鬆症，有時叫脆骨〇有一 "•如果有 ,你而家有冇因爲呢〇有 
症 ? 〇 有 個情況而要蹄西醫？ 〇 有 
中風，腦積血或者腦出 0 有 ~ •如果有，你而家有有因爲呢 〇 有 
血 ? 〇 有 個情況而要蹄西醫？ 〇 有 
柏金遜病？ 〇有"“-“•如果有，你而家有冇因爲呢〇有 
〇 冇 個情況而要蹄西醫？ 〇 有 
高血壓? 〇 有 ~•如果有，你而家有有因爲呢 〇 有 
〇 冇 個情況而要蹄西醫？ 〇 有 
心臟病發，冠狀動脈或者〇有一"•如果有，你而家有冇因爲呢〇有 
心肌检塞？ 〇 有 個情況而要蹄西醫？ 〇 冇 
心絞痛(心翳)？ 〇 有 • 如 果 有 ， 你 而 家 有 有 因 爲 呢 〇 有 
〇 行 個情況而要蹄西醫？ 〇 冇 
充血性心臟衰竭或者心臟〇有一"•如果有，你而家有冇因爲呢〇有 
發大？ 〇 有 個情況而要睬西醫？ 〇 冇 
慢性阻塞性肺病，慢性支 〇 有•如果有，你而家有冇因爲呢 〇 有 
氣管炎，哮喘或者肺氣 〇 有 個情況而要蹄西醫？ 〇 有 
前列腺發炎或者受到感0有一“•如果有，你而家有有因爲呢〇有 
^ 〇 冇 個情況而要蹄西醫？ 〇 有 
青光眼？ 〇 有 ~•如果有，你而家有冇因爲呢 〇 有 
〇 有 個情況而要蹄西醫？ 〇 有 
白內障？ 〇 有•如果有，你而家有有因爲呢 〇 有 
〇 有 I個情況而要蹄西醫？ 〇 有 
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2.從來有冇做過胃部或者腸部切除手術(包括整個或者部份切除手術)？ 
〇 有 〇 冇 
1 r 
你幾多歲的時候做呢個手術？ n 歲 
3.有冇西醫或者其他醫護人員話你患有關節炎或者痛風症？ 
• 有 〇 冇 
y 
醫護人員話你係邊一類關節炎？（揀所有適合的答案) 
〇 類 風 濕 關 節 炎 
〇 退 行 性 關 節 炎 
〇 痛 風 症 
〇 其 他 類 型 關 節 炎 
請列明： 
〇 唔 知 道 
你邊個關節有關節炎？（揀所有適合的答案） 
• 髖 〇 背 脊 〇 腳 
• 膝蓋 〇 頸 〇 腳 板 / 腳 指 
〇 手 / 手 指 〇 膊 頭 〇 其 他 
〇 手 腕 〇 手 
你有有因爲你的關節炎或者關節痛而要食羁？ 
〇 有 〇 冇 
4.有有西醫或者其他醫護人員曾經話你患有賢石？ 
〇 有 〇 冇 
過去五年，你試過幾多次排出腎石或者因爲腎石做成陣痛？ r n ^ 
次 
你而家有有因爲你賢石而接受治療？ 
〇 有 〇 冇 
5.有有西醫或者其他醫護人員話你患有癌症？ 




〇 大腸或直腸癌 〇 前 列 腺 癌 
i 1 





〇前列腺切除手術 〇 其 他 
〇睪九切除手術 
〇服食荷爾蒙藉/注射荷爾蒙 
〇皮膚癌(唔係黑素瘤） 〇 肺 癌 〇其他類別的癌症 
� ‘ Y 
I最初証實診斷的時候最初証實診斷的時候請註明你係邊一類的癌症： 
你幾多歲？ 你幾多歲？ 
p n ~ 最初証實診斷的時候你幾多歲？ 




〇 有 〇 有 
y 
你頭暈問題有了幾耐呀？ 
〇 少 過 1 個 月 
〇 1個月至1年 





〇 其 他 
你頭暈情況有冇阻礙你的日常生活，例如步行或者其他消閒活動？ 
〇 有 〇 冇 
7.過去12個月’你有有跌倒地下或者跌倒的時候撞倒物件好似桌子或者椅 
子？ 
〇 有 〇 有 
過去12個月，你總共跌侄彳過幾多次？（只揀一個答案) 
〇 1次 
〇 2 至 3 次 
〇 4 至 5 次 
〇 6次或以上 
你曾經試過以下邊一類受傷係由於跌倒弓激？(揀所有適合的答案） 
〇 跌 斷 過 骨 〇有撞瘀或者流血 
〇撞倒個頭或者頭部受傷 〇其他類別受傷 
〇扭傷或者拉傷肌肉 〇 過 去 十 二 個 月 ， 我 有 因 爲 跌 倒 而 杀 過 傷 
8.你出世概時候大約有幾多磅？（1公斤=2.2磅；1斤=1.4磅；1市斤=1.11 
磅） 
• 少過 3磅 〇 7至8 . 9磅 
〇 3至4 . 9磅 〇 9磅或以上 
〇 5至6 . 9磅 〇 唔 知 道 
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9.你25歲的時候，除了鞋度有幾高？如果你唔係記得好清楚，試盡量估下？ 
~ " "“~ (1 吋=2.5 厘米） 
」 呢 L J _ J 吋 
10.你25歲的時候通常有幾多磅？如果你唔係記得好清楚，試盡量估下？ 
I I I磅 
11.你最重試過幾多磅而當時你係幾多歲？ 








m - 1 1 1 1 
^ ^ M M 支 
你家有冇食緊煙呢？ 
〇 有 • 有 




〇 有 • 有 
、( 
食口左幾多年？ I你每個星期大槪食幾多斗煙I你每個星期大槪食幾多支雪 
r — 1 葉 ？ 前？ _ 
I 斗 支 
3 你成世人有冇飲多過12(罐、杯或者支)含酒精概飲品？ 
〇 有 • 有 
你有行曾經覺得你應該飲少職酒？ 
• 有 〇 有 
你有冇曾經試過因爲人_批評你飲酒而令你覺得好翻？ 
• 有 • 有 
你有有曾經覺得飲酒職唔好或者因爲飲酒而感到內疾？ 
• 有 〇 有 
你有有曾經試過一起身第一件事就係飲酒，藉此嚟鎮定你概神經或者用 
飲酒Pf趕走醉意？ 




〇 有 〇 有 〇 拒 絕 回 答 〇 唔 知 
過去十二個月，你平均每星期、或每月、或每年有幾多日飲含 
酒精概飲品？ 
^ ^ 〇 星 期 
n n 日 每 〇 月 





〇 星 期 
n n 曰 每 • 月 




r n m 〇 星期 
l J L J 日 每 • 月 
〇 年 
〇 我冇任何日子裏面飲最少 9杯 
2. 你一生中有有曾經差不多每日都飲5(罐、杯或者支)或以上嚷含酒精飲 
n 9 口口 ( 







• 有 〇 好 少 ( 1 至 2 日 ） 〇 有 時 ( 3 至 4 日 ） 〇 經 常 ( 5 至 7 日 ） 









〇 行 〇 好少 ( 1 至 2 日） 〇 有 時 ( 3 至 4 日 ） 〇 經 常 ( 5 至 7 日 ） 
\ / > ‘ V 
i 
直去第 3 1係啲•活動呢？ 
題 
你每日平均會用幾多個鐘頭嚟行路？ 















〇 冇 〇 好 少 ( 1 至 2 日 ） 〇 有 時 ( 3 至 4 日 ） 〇 經 常 ( 5 至 7 日 ） 









• 有 〇 好少 ( 1 至 2 日） 〇 有 時 ( 3 至 4 日 ） 〇 經 常 ( 5 至 7 曰 ） 
、/ 、/ \ 
i 
直去第61係啲 t i嘅活動呢？ 
題 
你每日平均會用幾多個鐘頭«做呢啲劇烈嚷運動同消閒活動？ 




• 有 〇 好 少 ( 1 至 2 日 ） 〇 有 時 ( 3 至 4 日 ） 〇 經 常 ( 5 至 7 日 ） 





〇 少 過 1 個 鐘 〇 1 至 2 個 鐘 〇 2 至 4 個 鐘 〇 多 過 4 個 鐘 
7 過去7日，你有有做過一啲輕巧家務，例如：打掃或洗碗、手洗、褽、 
瞭衫、煮飯、買餸？ 
〇 有 〇 有 
8 過去7日，你有冇做過一啲粗重家務或者雜務，例如：吸塵、擦地板、 
拖地、洗窗、洗車、搬傢愀或者石油氣？ 
• 有 〇 有 
9 過去7日，你有冇做以下任何慨活動？(請答有或者有） 
家居維修，例如：油漆油、貼牆紙、 〇 有 〇 
整電器等等？ 
草地或者庭院工作，例如：剪草、 • 有 〇 冇 
掃樹葉、斬木等？ 
戶夕園藝 〇 有 〇 有 
照顧其他人，例如：小孩、配偶、 〇 有 〇 有 
或者其他成人 
10 過去7日，你有冇做工(包括有支薪水或係義工)？ 
• 有 〇 有 
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i 
過去一個星期，你做佐幾多個鐘頭有支薪水概工作或者係義工 r r n 







〇需要行，有時要搬唔超過 5 0磅重 
例如：郵差、侍應、建築工人、重機械工人 




〇 有 〇 冇 
N I 
平均U黎講你每日行幾多條街當做運動？（1條街=100米） n n 
條 ^ ^ 
2. 平均喫講你每日如常口甘行幾多條街，例如你出去買 ？ 
條 ^ ^ 
3.啦每日24個鐘頭裏面，你有幾多個鐘瞓低職度？(包括__度托起隻腳、 
夜晚瞓覺或者想瞓覺、休息或者攤_個梳化個度蹄電視。） 






者 坐 張 椅 度 ？ 










〇 係 〇 唔 係 平均工作時間？ 
每 年 m 個 月 每 星 期 I 曰 每 曰 L U 小 時 
每日 I I I 分鐘 
一曰n甘多個鐘頭，有幾多個鐘頭係坐幌度？ 小時係坐職度 
你唔係坐嗨度個陣時，你做緊以下邊種工作類別？ 
〇 A 〇 B 〇 C 〇所有時間都係坐喉度 
工作名稱： 
你係唔係行路或者採單車去返工放工 ？ 
〇 係 〇 唔 係 平均工作時間？ 
每 年 [ ~ 1 ^ I 個 月 每 星 期 ^ ^ I 曰 每日LI_小時 





















會，非常大阻礙 會，有些少阻礙 唔會，完全冇阻礙 
2 溫和活動，例如：搬一〇 〇 〇 
張檯、推一架吸塵機 
3 行幾堂樓梯 〇 〇 〇 
過去4個星期，你有有喉工作上或日常生活上因爲你輕身體健康狀況而引起 
以下一啲概問題？ 
4 比你預期中完成得少 0 有 0 冇 
5 日常活動受到限制 O - 0 ^ 
過去4個星期，你有有噼工作上或日常生活上因爲你喊情緒問題而引起以下 
一 問題(例如：覺得消沉或者憂慮)？ 
6 比你預期中完成得少 0 有 0 冇 
7 做•或者活動職時候有平時咐小心〇有 0 冇 
8 過去4個星期，痛楚對你日常工作有幾大麟影響(包括出外工作同家務)？ 
〇 完 全 有 〇 少 少 • 中 度 〇 幾 影 響 〇 極 影 響 
以下概問題關於你過去 4個星期感受同近況，每一條問題裏面，請揀 
出最接近你感受答案。過去 4個星期，有幾多時間 . . . . 
所 有 時 間 大 部 份 時 間 幾 多 時 間 有 些 時 間 很 少 時 間 完 全 行 
9 你感到心境平和？ 〇 〇 〇 〇 〇 〇 
1 0你感到精力充沛？ 〇 〇 〇 〇 〇 〇 





〇 所 有 時 間 〇 大 部 份 時 間 〇 有 些 時 間 〇 很 少 時 間 〇 完 全 有 
如果你唔用任何麟輔助工具，以下•活動要你自已做，你能夠做到幾好。 
13 _平地上面行兩至三條街 _距離，你有棚難？ 
〇 有 〇 有 〇 我 唔 會 做 
S ( 
I 去 第 1 4 題 
+ T 
要你咐做你有幾大慨困難？ 系唔噼因爲你概健康或者身體麟問題？ 
〇 有 些 困 難 〇 好 困 難 〇 做 唔 到 | 〇 有 • 冇 〇 我 唔 知 道 
14要你一口氣行十級樓梯，你有有困難？ 
〇 有 • 冇 〇 我 唔 會 做 
、I 
I 去 第 1 5 題 " ] 
y T 
要你D甘做你有幾大職困難？ I喉唔噼因爲你嚷健康或者身體n旣問題？ 
〇 有些困難 •好困難 〇 做 唔 到 I 〇 有 〇 有 〇 我 唔 知 道 
15要你自已煮飯，你有有困難？ 
〇 有 • 冇 〇 我 唔 會 做 
、( 
I 去 第 1 6 題 " ] 
要你n甘做你有幾大職困難？ |of系唔嘥因爲你概健康或者身體概問題？ 
〇 有 些 困 難 〇 好 困 難 〇 做 唔 到 I 〇 有 〇 行 〇 我 唔 知 道 
16要你自已做卩的粗重n旣家務，例如：擦地板或者洗窗’你有冇困難？ 




〇 有 些 困 難 〇 好 困 難 〇 做 唔 到 I 〇 有 〇 行 〇 我 唔 知 道 
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1 7要你自已去買餸、買日用品或者買衫，你有棚難？ 









〇 有 〇 冇 去第 # 2題，第 4 0頁 
係 邊 類 醫 生 ？ • 西 醫 • 中 醫 〇 跌 打 醫 生 
A 有有醫生曾經話你患有髖骨斷骨或者骨折？ 
• 有 〇 行 去第 B 題 
係 邊 類 醫 生 ？ 〇 西 醫 • 中 醫 〇 跌 打 醫 生 
I你職幾多歲職時候患有髖骨斷骨或者骨折？如果你有多過一次嚷髖骨斷骨或者骨 
折，請列出你每次斷髖骨時概年齡。 
L__I_J 歲 |__1__1 歲 |__1_1 歲 
當時你職髖骨係點樣整斷當時你顿髖骨係點樣整斷當時你概髖骨係點樣整斷 ？ ? ？ 
鲁 • • 
B 有有醫牛曾經話你患有手腕或者前臂骨斷骨或者骨 & 
• 有 • 冇 去第 C 題 
\ / 
係邊類概醫生？ 〇 西醫 • 中 醫 〇 跌 打 醫 生 
I你Pf系幾多歲職時候患有手腕或者前臂骨斷骨或者骨折？如果你有多過一次職髖骨斷 
骨或者骨折’請列出你每次斷髖骨時概年齡。 ^ ^ 
當時你職手腕或者前臂骨當時你嘅手腕或者前臂骨當時你嘅手腕或者前臂骨係 
係點樣整斷 ？係點樣整斷 ？ 點樣整斷 ？ 
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C有冇醫生曾經話你患有脊椎斷骨或者骨折？ 
〇 有 〇 有 去第 D 題 
N f 
係 邊 類 醫 生 ？ 〇 西 醫 〇 中 醫 〇 跌 打 醫 生 
I你_幾多歲麟時候患有脊椎斷骨或骨折？如果你有多過一次麟髖骨斷骨或者骨 
折 ， 請 列 出 你 每 次 斷 髖 骨 時 年 齡 。 ^ ^ ^ ^ 
J z f e 
歲 歲 
當時你嚼脊椎係點樣整斷當時你概脊椎係點樣整斷當時你職脊椎係點樣整斷 ？ ? ？ 
• » » 
D 有有醫生曾經話你患有肩胛或者鎖骨斷骨或者骨 P 
〇 有 • 有 去 第 E 題 
、f 
係 邊 類 醫 生 ？ 〇 西 醫 • 中 醫 〇 跌 打 醫 生 
I你tf系幾冬歳嚒時候患有肩胛或者鎖骨斷骨或者骨折？如果你有多過一次嚼髖骨斷骨 
或者骨折，請列出你每次斷髖骨時嚷年齢。 ^ ^ 
歲 歲 — 歲 
當時你概肩胛或者鎖骨係當時你嚷肩胛或者鎖骨係當時你嚷肩胛或者鎖骨係點 
點樣整斷 ？ 點樣整斷 ？ 樣整斷 ？ 
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E有有醫生曾經話你患有上臂骨斷骨或者骨折？ 
〇 有 〇 冇 去第 F 題 
> f 
係邊類嚷醫生？ • 西 醫 • 中 醫 〇 跌 打 醫 生 
|你_幾多歳•時候患有上臂骨斷骨或者骨折？如果你有多過一次n旣髖骨斷骨或者骨 
折 ， 請 列 出 你 每 次 斷 髖 骨 時 年 齢 。 ^ ^ ^ ^ 
— — m — — 歲 — — 歲 
當時你概上臂骨係點樣整當時你麟上臂骨係點樣整當時你嚷上臂骨係點樣整 
斷 ？ 斷 ？ 斷 ？ 
F 有行醫牛曾經話你患有肋骨或者胸骨斷骨或者骨折？ 
• 有 〇 有 去第 G 題 
> I 
係邊類概醫生？ • 西 醫 〇 中 醫 〇 跌 打 醫 生 
I你職幾冬歲嘅時候患有肋骨或者胸骨斷骨或者骨折？如果你有多過一次髖骨斷骨 
或骨折，請列出你每次斷髖骨時年齡。 ^ ^ 
— — m — — 歲 歲 
當時你 «肋骨或者胸骨係當時你職肋骨或者胸骨係當時你麟肋骨或者胸骨係點 
點 樣 整 斷 ？ 點 樣 整 斷 ？ 樣 整 斷 ？ 
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G 有有醫生曾經話你患有大腿骨斷骨或者骨折 i “ 
〇 有 • 冇 去 第 H 題 
、I 
係邊類嚷醫生？ 〇 西醫 〇 中 醫 〇 跌 打 醫 生 
I你•幾冬歳嘅時候患有大腿骨斷骨或者骨折？如果你有多過一次卩旣髖骨斷骨或骨 
折 ， 請 列 出 你 每 次 斷 髖 骨 時 年 齡 。 ^ ^ ^ ^ 
l J L J 歲 L _ i _ J 歲 L J _ J 歲 
當時你赐大腿骨係點樣整當時你概大腿骨係點樣整當時你《大腿骨係點樣整斷 
斷 ？ 斷 ？ ？ 
H有行醫牛曾經話你患有膝關節斷骨或者骨折？ 
• 有 〇 冇 去 第 I 題 
、• 
係 邊 類 醫 生 ？ 〇 西 醫 〇 中 醫 〇 跌 打 醫 生 
I你嘥幾多歲概時候患有膝_斷骨或者骨折？如果你有多過一次職髖骨斷骨或者骨 
折 ， 請 列 出 你 每 次 斷 髖 骨 時 年 齢 。 ^ ^ ^ ^ 
歲 歲 ^歲 
當時你n旣膝關節係點樣整當時你概膝關節係點樣整當時你P旣膝關節係點樣整斷 
斷 ？ 斷 ？ ？ 
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I有有醫生曾經話你患有小腿骨斷骨或者骨折？ 
〇 有 • 有 去 第 J 題 
i 
係 邊 類 醫 生 ？ 〇 西 醫 〇 中 醫 〇 跌 打 醫 生 
|你_幾多歲概時候患有小腿骨斷骨或者骨折？如果你有多過一次概髖骨斷骨或者骨 
折 ， 請 列 出 你 每 次 斷 髖 骨 時 • 年 齡 。 ^ ^ ^ ^ 
-Lfe 
— — 藏 — — — 
歲 歲 
當時你概小腿骨係點樣整當時你輕小腿骨係點樣整當時你概小腿骨係點樣整斷 
斷 ？ 斷 ？ ？ 
J 有有醫牛曾經話你患有腳，腳板或者腳&[:斷骨或者骨折？ 
〇 有 — 〇 冇 去 第 K 題 
i 
係 邊 類 醫 生 ？ • 西 醫 • 中 醫 〇 跌 打 醫 生 
I你職幾冬歲•時候患有腳，腳板或者腳祉斷骨或者骨折？如果你有多過一次_1髖 
骨斷骨或者骨折，請列出你每次斷髖骨時P旣年齡。 ^ ^ 
當時你喊腳，腳板或者當時你《腳，腳板或者當時你概腳，腳板或者腳 f i i 
腳趾係點樣整斷腳趾係點樣整斷？ 係 點 樣 整 斷 ？ ？ 
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K 有冇醫生曾經話你患有手或者手指骨斷骨或者骨折？ 
〇 有 〇 冇 去 第 L 題 
V 
係 邊 類 醫 生 ？ • 西 醫 • 中 醫 〇 跌 打 醫 生 
I你喉幾多歲慨時候患有手或者手指骨斷骨或者骨折？如果你有多過一次概髖骨斷骨 
或者骨折，請列出你每次斷髖骨時年齢。 ^ ^ 
~ ~ ~ ~ 歲 """"m 歲 
當時你D旣手或者手指骨係當時你D旣手或者手指骨係當時你n旣手或者手指骨係點 
點樣整斷 ？ 點 樣 整 斷 ？ 樣整斷 ？ 
L除口左以上概斷骨或者骨折，有冇醫生曾經話你患有其他類別喊骨折？ 
• 有 〇 有 去 第 一 題 
i 
係邊類職醫生？ • 西 醫 • 中 醫 〇 跌 打 醫 生 
I你嗨幾多歲《時候折斷這塊骨？如果你有多過一次職骨折’請列出你每次斷髖骨時 
年 齡 。 _ _ 
歲 
歲 — 歲 




• 有 • 有 〇 唔 知 道 
3你親生阿媽有冇試過斷骨或骨折？ 
• 有 • 冇 〇 唔 知 道 
\ / 
你親牛阿媽有有試過患有髖骨骨 @ 
• 有 • 冇 〇 唔 知 道 
你親牛阿媽有有試過患有手腕或前臂骨骨折？ 
• 有 • 有 〇 唔 知 道 
你親生阿媽有有試過患有脊椎骨折？ 
• 有 • 有 〇 唔 知 道 
除口左以上慨骨折，你親生阿媽有有試過患有其他類別骨折？ 
• 有 • 有 〇 唔 知 道 
請註日 
4 你概親生阿媽係唔係仲在生？ 
〇 係 〇 唔 係 〇 唔 知 道 
、f 丄 
你職親生阿媽依家幾多歲？ I你概親生阿媽死概時候幾多歲？ 
I I I I 歲 1_1__1 歲 
5 有冇醫生曾經話你親生阿爸患有骨質疏鬆症？ 
• 有 • 有 〇 唔 知 道 
6 你親生阿爸有有試過斷骨或骨折？ 
• 有 〇 有 〇 唔 知 道 
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你親生阿爸有有試過患有髖骨骨 @ 
〇 有 • 有 〇 唔 知 道 
你親生阿爸有有試過患有手腕或前臂骨骨折？ 
• 有 〇 有 〇 唔 知 道 
你親生阿爸有有試過患有脊椎骨折？ 
〇 有 〇 有 〇 唔 知 道 
除以上嚷骨折，你親生阿爸有冇試過患有其他類別槪骨折？ 




〇 係 〇 唔 係 〇 唔 知 道 
你概親生阿爸依家幾多歲？ I你麟親生阿爸死麟時候幾多歲？ 
I I I I 蕨 I I I I 烕 
8 你依家有幾多個在生概親生兄弟姊妹？唔包括同父異母、同母異父、繼父 
母或者冇血緣關係兄弟姊妹。 
在生親生姊妹I I I I 翻 在生親生兄弟 I 翻 
9 你依家有幾多個在生n旣親生仔女？唔包括繼仔、繼女、收養或者冇血緣關 
係 仔 女 。 





〇 有 〇 冇 
i 
服用藥物種類： 5 S i i 
〇 Alpha-block 〇 〇 
〇Androgen 〇 〇 
O Angiotensin converting 〇 〇 
enzyme 
(ACE) Inhibitor 〇 〇 
〇 Angiotensin I I receptor 〇 〇 
antagonist 〇 〇 
〇 Antioandrogen 〇 〇 
〇 Antispasmodic, urinary 〇 〇 
〇 A s p i r i n 〇 〇 
〇 Benzodiazepine 〇 〇 
〇 Beta-blocker 〇 〇 
〇 Calcium channel blocker 〇 〇 
〇 Cholinergic agonist 〇 〇 
〇 Corticosteroid, inhaled 〇 〇 
O Corticosteroid, oral 〇 〇 
〇 Cox-II Inhibitor 〇 〇 
〇 Diuretic, loop 〇 〇 
〇 Diuretic, potassium-sparing 〇 〇 
〇 Diuretic, thiazide 〇 〇 
〇 Gemfibrozil 〇 〇 
〇 Histamine (H2) receptor 〇 〇 
antagonist 〇 〇 
〇 HMG Co A reductase 〇 〇 
inhibtor (statin) 〇 〇 
〇 Hypoglycemic agents 〇 〇 
〇 Narcotic analgesic 
〇Ni t ra te 〇 〇 
〇 Nonbenzodiazepine 〇 〇 
anticonvulsant 
〇 Nonsteroidal 〇 〇 
anti-inflammatory Agent 〇 〇 
(NSAID) 〇 〇 
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〇 Proton pump inhib i tor 〇 〇 
〇 Selective serotonin reuptake 
inhib i tor (SSRI) 
O Si ldenaf i l 
〇 Thy ro id hormone 
〇 Traodone 
〇 Tr icyc l ic 
藥物使用訪問 
1 . 你 每 個 月 有 有 最 少 打 一 次 男 性 激 素 ( 睪 酮 ) ？ 
〇 有 〇 冇 
\ I 
你 每 個 月 要 接 受 幾 多 次 I 你 已 經 接 受 呢 種 治 療 有 幾 I 你 上 次 接 受 男 性 激 素 
男 性 激 素 ( 睪 酮 ） 注 射 ？ 多 個 月 ？ （ 睪 酮 ) 注 射 日 期 係 
^ ^ ^ ^ 幾時？ ^ ^ 
[ J ^ 次 I 月 r n � " ] " " 
2 . 你 每 星 期 有 有 服 用 以 下 藥 物 三 次 或 以 上 ？ 
核對 口述 冇 
Aspir in (阿士匹靈） 〇 〇 〇 
(This includes Bayer, baby aspirin, children's 
aspirin, Ecotrin, Excedrin, and others) 
Acetaminophen ( 止 ® ^ 〇 〇 〇 
(This includes Tylenol, Tylenol with codeine, 
etc.) 
I b i i p r o f m (布洛织 〇 〇 〇 
(This includes Advi l , Motrin, and others) 
Naproxen S o d i u m (甲氧丙酸） 〇 〇 〇 
(This includes Aleve, etc.) 
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3. 你有有曾經服用過藥物治療骨質疏鬆症或者其他骨病？ 
〇 有 〇 有 
你有冇曾經服用過 
Fluoride (or Sodium Fluoride)氟化物？ Calcitonin (or miacalcin)抑f§素？ 
〇 有 〇 有 〇 有 〇 冇 
\f J/ 
I你幾時開始服食Fluoride氟化物？ |你幾時開始服食Calcitonin抑#5素？ 
_ __I月 I年 _ _ _ I月 L U 年 
你而家重有冇經常服食Fluoride氟化物？ 你而家重有有經常服食Calcitonin抑躬素？ 
〇 有 〇 有 〇 有 〇 冇 
I i 
I你幾時開始停止服食Fluoride氟化物？ |你幾時開始停止服食Calcitonin抑銷素？ 
I I 月 I 年 
L_i-J ^ ^ III 月 U L J 年 
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3.續….Bisphosphonates(雙磷酸廳類)？ 
(This includes alendronate (Fosamax), clodronate, etidronate (Didronel), ibandronate, 
Pamidronate (Aredia), Risedronate (Actonel) or tiludronate (Skelid) 〇 有 〇 有 
你幾時開始服食月/年bisphosphonates (雙磷酸驢類)？ 
月 年 





















〇 1 〇 2 〇 3 〇 4 〇 5 〇拒絕回答 1 = 1 
〇 6 〇 7 〇 8 〇 9 〇 1 0 〇 唔 知 1 = 1 









〇 1 〇 2 〇 3 〇 4 〇 5 〇拒絕回答 j n f 
〇 6 〇 7 〇 8 〇 9 〇 1 0 • 唔 知 1 = 1 










〇 是 〇 否 
2 • 你是否已放棄了很多以往的活動和嗜好？ 1 
〇 是 〇 否 
3• 你是否覺得生活空虛？ 1 
〇 是 〇 否 
4 • 你是否常常感到煩悶？ 1 
〇 是 〇 否 
5 • 你是否很多時感到心情愉快呢？ 。 
〇 是 〇 否 
6 • 你是否害怕將會有不好的事情發生在你身上呢？ 1 
〇 是 〇 否 
7• 你是否大部份時間感到快樂呢？ ° 
〇 是 • 否 
8 •你是否常常感到無助？（即是沒有人能幫自己） 1 
• 是 • 否 
9 .你是否寧願晚上留在家裡，而不愛出外做些有新意的事情？ 
(譬如：和家人到一新開張酒樓吃晚飯） ’ 
• 是 〇 否 
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1 0 •你是否覺得你比大多數人有多些記憶的問題呢？ 1 
〇 是 〇 否 
11•你認爲現在活著是一件好事。 ° 
〇 是 〇 否 
1 2 •你是否覺得自己現在是一無是處呢？ 1 
〇 是 〇 否 
1 3 •你是否感到精力充足？ ° 
〇 是 〇 否 
1 4 •你是否覺得自己的處境無望？ 1 
〇 是 〇 否 
1 5 •你覺得大部份人的境況比自己好。 1 
〇 是 〇 否 
第 2， 3， 4， 6， 8， 9， 1 0， 1 2， 1 4， 1 5題，答案「是」得 1分 
第 1， 5， 7， 1 1， 1 3題，答案「否」得1分 




• 有 〇 冇 
，r 
指出你_過去1年曾食用過概特別餐：（揀所有適合嚷答案) 
〇 低 脂 餐 
〇 低膽固醇餐 
〇低碳水化合物餐. 




〇 高 鉀 餐 
〇 減 肥 餐 
〇 增 加 體 重 流 質 餐 
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